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view general agitation throughout the country for the im- 
provement and betterment existing highways and the seeming 
differences practice engineers the construction improved 
roads, occurred the writer that continuous experience 
years such construction would afford basis for intelligent dis- 
cussion tending crystallization practice that would benefit 
the profession and save money the community. 

The highway question differs from other branches the profession, 
more particularly its economic view. Just 99% the highways are 


Additional discussions this paper received before February 15th, 1893, will pub- 
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under municipal control, which under the present consensus public 
opinion means political control, rendering all work done subject the 
notions the person authority, controlled the party repre- 
sents and the varying views each individual his constituency. 
every such individual, whether office not, firmly and stead- 
fastly believes knows all about such simple question building 
roads, and that engineer luxury except perhaps give 
grades, the engineer’s first problem that satisfying clients his 
own capability. The difficulty doing intensely aggravated 
the liability his own plans and suggestions being criticized other 
members the profession, thereby weakening his own position and 
giving chance for the pet, but probably impracticable, theories those 
control have full swing, and, course, much more money is. 
wasted. 

Incidental this municipal political control, the fact 
there question profitable returns the investment the 
money, even interest account, any shape, except far taxes 
have levied meet the interest the bonds, they have been 
issued; and most cases those spending the principal give thought, 
nor they have to, the necessity raising money pay the inter- 
est. this connection may also stated that those who spend 
the money for the construction roads have very little with their 
maintenance and repair, and are consequently not apt take any special 
consideration, the plans construction, the effect such con- 
struction the repair account the future. 

will seen, therefore, that the engineer the road question dif- 
fers materially from other professional practice that not amena- 
ble ordinary business principles; that the expenditure the 
money governed entirely the requirements and means com- 
munity, coupled with willingness unwillingness furnish the 
money, the ideas differing immensely different localities. The en- 
gineer’s mission the present time help educate the nation at. 
large the necessity for good roads, persuade the public furnish 
enough money the work properly, and then see that the money 
judiciously expended. 

may said here that branch engineering literature 
devoid information that road construction. Most the books 
extant are compilations from foreign sources, and local and climatic 
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conditions are considered but small extent—such conditions 
the mind and his experience being very potent factors 
achieving successful results which are too often ignored the inex- 
perienced careless engineer. 

Highways, contradistinction city streets, may classified 
under three heads: 

Those earth simply. 

Those made material delivered and spread its natural con- 
dition. 

Those made artificially material either local delivered from 
distance. 

The first division can hardly considered matter engineer- 
ing importance, while the second governed completely local 
issues and necessities that broad principles can laid down for 
general use adoption. The most generally used natural material for 
road making gravel. The condition gravel roads entirely depends 
the quality gravel that found the neighborhood, but may 
stated, without contradiction, that the coarser and cleaner the gravel, 
the more durable and solid will the road reasonable limits. 
Clean gravel stones the size hickory nuts with small amount 
sand intermingled will give satisfactory results for ten months 
the year, but they are very dusty dry weather and are liable break 
when frost coming out the ground, but revert their usual 
condition when settled weather comes. Fine gravel, well rolled, 
well adapted for light travel, but not serviceable for heavy loads. 

not proposed ignore the importance good gravel road 
improvement, the contrast the present time between highways 
gravelly country and those other localities marked tribute 
the efficacy such material when used with ordinary intelligence, 
but the proportional area gravel districts what may called 
earth districts small that has little effect the country large. 
There are also excellent roads made with shale found certain local- 
ities, but the area insignificantly small. 

The immense area the thickly settled portion this country may 
considered practically destitute natural road material, and this 
area the expenditure brains and money required. create and 
construct the next generation network communication which 
will fulfill the requirements the varying communities affected 
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such improvement the engineering problem before us, and 
successfully the goal achieved. 

There are number points road construction that are uncon- 
troverted, and are accepted good practice, and these only slight 
allusion will made, and those points which the practice diver- 
gent will receive more particular attention. 

The main question artificial road construction may divided 
into three heads: 

Where there amplitude stone any and every kind with- 
out special adaptation. 

Where the stone found experience the best for the pur- 
pose exists. 

Where stone exists. 

The locality and quality stone found especially fitted for road 
work such economic importance and interwoven with other 
issues that seems more desirable allude them, their import- 
ance will appear discussing other questions construction. 

There one feature connected with the general supply stone 
which should noted—that mountainous countries there poor 
farming land and plenty stone, and alluvial countries there rich 
land and stone, the general law compensation coming usual. 

The question highways detail now before and the points 
can classified follows: 

Line and grades. 

Drainage. 

Material. 

Thickness. 

Size stone. 

Manner construction. 

Repairs. 

The general principles lines and grades are practically well 
established require discussion. The shortest line consistent 
with the easiest grade sums that point few words. 

minima and maxima grades, location and money govern these 
points largely, assuming, does the writer, that establishing 
ideal grade 1%, any departure therefrom certain extent 
resisted. grade gives ample fall for water, and consequently 
proper drainage, and practically entails very small percentage 
extra duty horse. 
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The minimum grade should never less than ins. 100 ft., less 
than that debarring proper flow water; the maximum grade for 
ordinary country and general travel should which the limit 


ordinary trotting gait. steeper grades horse practically 


comes walk; grades 10% mountainous country are 
permissible, steeper grades than that are not economical and are bad 
engineering. 

should understood that all cases the center the road 
should have grade, thereby avoiding any possibility roadbed 
that fairly good condition harboring standing water; and, pos- 
sible, all gutters should have sufficient fall besides. The ideal pict- 
ure extant road treatises, showing cross sections Telford and 
Macadam roads with large ditches each side half full water, 
something every professional tyro should avoid, and only permis- 
sible, very rare occasions, very flat country; and very little 
the earth flat, the insertion such drawing standard type 
road construction should eliminated from the next text book 
issued the subject. 

Incidental the grade road and dependent thereon the crown- 
ing. the width construction the highways large through 
the country, will run from ft., occasionally ft., and 
isolated cases ft., will seen that most the travel will 
the center and consequently most the wear will there also. 
road only new occasionally (that is, when built when 
repaired), average crown has assumed and allowance made 
acquire such average. 

16-ft. roadway average crown ins. desirable; get 
and probably in. repairs. the grade the road steeper than 
5%, this crowning should increased least in. prevent the 
water from running the center the road and washing the material 
away. 

These statements, relative grade and crowning, can hardly con- 
sidered controverted questions, but variations from them have 
come under the writer’s observation, and these variations were 
marked degree. One object grade and crowning give proper 
shed for the surface water, and necessary all times that proper 


and complete provision made for thorough and perfect drainage 
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this water from the roadway; this, well the necessity under- 
drainage certain specified localities, either pipes blind drains, 
admits dispute when the fact remembered that one dollar spent 
judiciously underdrainage will save many dollars capitalized 
fund meet the expense repairing badly drained sections road. 

Before leaving the drainage question entirely, allusion should 
made that arch enemy highway construction, viz., frost. The 
most palpable effects bad construction are that most interesting 
period the road yearly life—when frost coming out. 
this period any defects drainage, well many defects other 
kinds, are made more glaring, and the effect frost’s silent but insi- 
dious efforts practically concentrate the engineer’s combative energies, 
and vanquishing this trouble all other difficulties appear trivial. 
The writer’s opinion that, the contest between Macadam and 
Telford, the relative superiority their respective methods 
road construction, steady winter’s frost penetrating the ground 
depth ft., and then coming out with rush, would have settled 
the question for all time, and left Mr. Macadam practically nowhere. 
England, where this controversy took place, frosts are practically 
unknown, and road experience such climate worthless here. 

Leaving the drainage question, the next subject that ma- 
terial, and here the field controversy widens and opens. may 
proper state once that, sense, the writer’s experience 
proper road materials some extent limited. Having, good 
fortune, his command the best possible material for road purposes, 
has felt reluctant, and reluctant, venture into the unknown 
haste, and then repent leisure. 

The qualifications the different rocks for road construction de- 
pend, first, their proposed use—whether for the top wearing sur- 
face, for foundation—and, secondly, their natural fitness for the 
duty imposed upon them. 

this point may also proper interject idea that will 
materially govern the whole question road construction throughout 
the country, and the appreciation this idea depends the success 
all road efforts. the community large, there are two concep- 
tions roads; one, the ideal road, may call it, with smooth 
surface capable carrying all the loads put upon it, and good 
condition all the time; and the practical idea, which entertained 
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very large proportion the people, especially farming communi- 
ties, and which may expressed the words good enough.” Most 
engineers know what this expression means, and, the writer’s 
opinion, these two words are the bane the profession. 
enough roads may made enable the farmer carry his pro- 
duce market wet weather without being mired the fall 
breaking down the spring; but, professionally, such work not 
engineering, nor would probably endorsed the profession. 
Many engineers are nevertheless taking such course, and the writer 
believes conscientiously. ‘‘Good enough” roads require good 
enough repairs, and probably will not get them; and therefore the 
writer proposes, much possible, eliminate this class roads 
from consideration. 

Returning the rock question, will consider first, the duties 
imposed upon the rock when used for the foundation support the 
wearing surface, and then the wearing surface itself. 

Any good hard rock, capable resisting frost and irregular 
shape (i. e., not round), may used foundations; hard stone 
better than sedimentary rock, but case any good material being 
crushed broken foundation, any load being placed upon it, 
has yet observed. the writer’s mind this important 
point gained, as, the interest economy, the use any available 
stone will paramount importance. the wearing surface, 
whether has foundation under not, the selection available 
material much more limited, more open controversy and affords 
growing field for the speculator and enterprising business man own- 
ing quarry, work his stone the market, good, bad in- 
different. all material used for wearing surface crushed 
broken, has received the generic name broken stone, and will 
entitled here. 

Broken stone composed igneous, metamorphic and sedimen- 


tary rocks (using the old nomenclature), and their relative value 
probably the order classified. The rocks usually used are trap, 
syenite, granite, occasionally gneiss and the different formations 
hard limestone. The varying use these rocks different localities 
should depend entirely the question money; taking broad view 
this question, the writer would say that would more economi- 
haul trap rock 300 miles rail than use granite limestone 
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found haul granite 200 miles rather than use lime- 
stone; and that limestone only economical desirable the 
locality which occurs. Water carriage, course, would disturb 
this ratio somewhat, but this statement gives his idea their relative 
value; note should made that the largest item cost trans- 
portation the small haul wagon. 

The variations the texture the trap rock itself are also perti- 
nent economic view. With plethora such material the 
writer has selected the close-grained basaltic trap the exclusion 
the coarse-grained ledge trap, having found that the wearing qualities 
the former exceed those the latter the proportion about 100 
80. Syenitic rocks, his experience, have not been much used, 
and information that point would use. 

The availability granite depends upon the amount mica 
contains the more mica there it, the less are its wearing qualities, 
and gneiss should debarred entirely. 

The success the hard limestone many localities due, the 
writer’s opinion, its comparison, not with harder and better rocks, 
but with the aboriginal mud; well-constructed road limestone 
being superior mud road almost prevent comparison; 
but when compared with roads hard igneous rock, limestone roads 
are deficient durability, are dusty dry weather and muddy 
wet. 

this point may not out place allude difficulty the 
engineer likely encounter the selection his crushed stone. 
The general increase road construction has created such demand 
for broken stone practically form business that commodity 
business that handled business manner, and pushed with the 
usual business vim and snap. Drummers are scouring the country 
working this that kind stone, and, before knows it, the 
engineer finds that the authorities, whom give advice, 
have practically made their minds what stone they will have 
before himself has come any conclusion. case point 
occurred the writer quite recently, town not five miles from 
trap-rock quarry, where, submitting specifications for system 
roads the council, was faced with sentiment, almost the 
majority, favor using limestone from quarry 120 miles away, 
and only his positive refusal have anything with such 
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proceeding was such action avoided. This sentiment had been 
judiciously worked enterprising agent, and shows the ex- 
treme importance having the road practice settled engineer- 
ing view. The vast area this country and its various geographical 
formations will undoubtedly open new scenes industry stone 
crushing, but would well avoid, much possible, the 
expense trial and error, and save the vast sums wasted such 
experiments. 

now come the question the thickness roads, and inci- 
dental that the form construction for presumed that 
thick pavement would, the interests economy, constructed 
with foundation and pavement broken stone alone. The 
statement might well made here that the writer unqualifiedly 
favor thick pavements with foundation, and opposed thin 
pavements broken stone. His early experience having been entirely 
with Telford pavement might accused prejudice, but since the 
controversy the question that occurred about three years ago has 
built miles thin pavements, and the result his experience such 
work that will sin more. 

Historical reminiscences the road problem are probably not 
order, but many years ago the question thick thin pavements was 
hotly discussed the respective advocates the two systems, Mac- 
adam and Telford, and the contest has been hotly continued since that 
time. 

has been stated, varying climatic conditions enter into the ques- 
tion which render nugatory previous experience foreign countries, 
and the road construction the United States will have under- 
taken from experience derived from its climate and soil and their 
peculiar requirements and exigencies. concede once, 
that districts where the soil gravelly sandy, thin Macadam 
roads may used with success and economy. The City Bridgeport, 
Conn., striking example this. Better roads streets any 
community would hard find, and afforded the writer great 
pleasure inspecting those streets note their condition. The 
area gravel sandy formation the whole country is, however, 
necessarily limited, and practice that success with such soil 


would least open criticism the bottomless mud the Ohio 
Valley. 
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All that section the United States south isothermal line (if 
one could constructed), with the limit frost entering the ground 
depth might considered fair field for thin pave- 
ments, subject, course, such localities, the possibility and 
necessity good drainage, well systematic comparison the 
cost said drainage against the increased cost the insertion 
the pavement. all mountainous countries necessitating grades 
over thin pavements can judiciously used; but such dis- 
tricts the prevalence stone immediately hand would probably 
offset such requirement, would more economical build 
thick road with foundation local stone than haul broken stone 
from distance. 

Eliminating these three localities from the question, have the 
vast area left the best farming country the continent, more par- 
ticularly requiring good roads for the transportation their produce; 
and constructing such roads, the writer’s mind, foundation 
necessity. 

the writer’s early experience built rqads ins. thick, then 
reduced them 12, and now for ordinary country roads building 
them ins., with good economical results the surface uniformly 
good, ruts are rare, and the question breaking frost never 
arises, such thing never occurs. All these roads were built with 
foundations reasonably square stone, firmly and carefully wedged, 
special importance being attached complete and proper wedging. 

should understood that the idea pavement should main- 
tained these roads built with foundations, the stone should laid 
close possible hand, and chips driven and wedged top, 
thus practically, with the crown the road, making arch, and im- 
mediately distributing any excessive load occurring one stone its 
neighbor, and completely obviating any settlement. 
also, the foundation stones act drain for the water, and such 
effect does this have the permanent condition roads that the 
writer has now adopted the practice making the thickness roads 
dependent grades and adopted this rule: grades less than 1%, 
ins.; between and 5%, 8ins., both with foundations: over 5%, 6ins. 
broken stone. 

failure any kind has occurred and repairs moment 
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period three years have been made, and the roads are good con- 
dition when they left the contractor’s hands. another town 
which the writer laying another system roads, has eliminated 
the 10-in. thickness, building them only and ins., but they are 
not yet complete, results can noted. 

must borne mind that these roads have been constructed 
bad natural soil probably can found the country. 
The New Jersey red sandstone district used be, and neglected 
portions now is, proverbial for the wretchedness its roads, 
which are dusty and rutty dry, and almost impassable wet, 
weather and the spring. will therefore probably safe 
assume that any practice successful such section would suc- 
cessful any other part the United States. 

Having established the satisfactory results the construction 
roads the above basis, let look results another direction, 
and the writer they were close hand. 

has been stated, the writer made attempt the construction 
4-in. roads, and after two years’ trial gave up;in one case had 
give up, his work was not considered satisfactory, and another 
more enthusiastic engineer making the same attempt. The 
result found the construction these 4-in. roads was entirely 
accord with his previous practice; those steep grades stood very 
satisfactorily, but grades they rutted badly the critical period 
frost, parts the 4-in. pavement disappeared and the result was 
permanent defect the road immediate necessity for repairs, 
both which are, professional view the matter, quite improper. 
adjoining county the exclusive practice has been build 4-in. 
roads, the idea starting, probably, from the fact that large city the 
county situated gravelly bed had used 4-in. roads for number 
years with This practice, having been extended throughout 
the entire county, gave very satisfactory results for about three years, 
and enabled large extent country supplied with good roads 
very moderate cost, and the taxpayers and officials were correspond- 
ingly elated. severe winter spell, such had not appeared during 
this period three years, and lasting for about month, dealt rude 
blow their satisfaction, and played havoc the same time with the 
roads. Being interested the matter, the writer inspected the condi- 
tion these roads and counted places distance miles 
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where the pavement had blown and the virgin red soil was protrud- 
ing top, and one section road, built only the fall previous, 
length least quarter mile had been abandoned travel which 
had reverted the original mud the easier method progression. 

With these facts staring him the face the writer may pardoned 
for being prejudiced favor thicker roads with foundations. 
proper, however, just here make allusion the money question 
this problem which inherent all road improvements, and that 
the construction these thin roads enabled much larger extent 
territory and population accommodated with immediate 
improvement roads than would have been done with more costly 
construction. The repair the failures noted above was soon accom- 
plished, good road still there, and probably will 
the end, course, there will have been much larger expenditure 
money; the community, however, will then educated the fact 
that repairs are necessity and must provided for, and result 
they will provided for, the question comparative cost not enter- 
ing into the question. 

another adjoining county, where large amount money was 
expended constructing good roads with foundations ample depth, 
the question repairs not being apparent, money has been raised 
all for that purpose, and the final result bids fair worse than 
that the county building thin roads. the writer’s 
more difficult educate community the necessity repairs. 
than the necessities construction; the average condition 
our city streets corroborates this marked degree, and will also 
noted that ordinary business practices and precepts not enter 
the question road construction. These remarks the thickness 
pavements are offered guide engineers their practice; cast- 
iron rule can enforced, and inherent good judgment based expe- 
rience and the appreciation facts all that the most exacting can 
demand. 

The next subject which there seems great diversity 
practice and opinion that the size the broken stone used, and 
the writer has been subject much trouble and vexation. 
process natural selection, may called, the size most ser- 
viceable and giving the smoothest roadway has been fixed 


ins., and the section the writer’s operations such size 
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universal use, without comment criticism; the crackers are all 
adjusted for such delivery and comes matter course. Un- 
doubtedly this the best size for the service required, and any varia- 
tion from means with larger stone rougher road, and with smaller 
stone quicker renewals. 

important also that the uniformity size should pre- 
served and the smaller and larger stone entirely eliminated. The 
success the New Jersey roads, the writer’s mind, is, large 
extent, due this point. finds, however, that when stone deliv- 
ered from the Trap Rock Quarries the Hudson River there great 
difficulty getting stone the size required. Anything from in. 
promiscuously dumped the pile and delivered broken 
stone, undoubtedly accord with the requirements the market 
which they especially provide. The writer’s observations the repairs 
Telford pavements metropolitan city, show that the necessity 
for uniformity the size broken stone not appreciated, and 
consequently marked inferiority the traveling surface the road 
noted. should remembered axiom, that the one and only 
requisite any pavement smooth, clean surface all times; and 
that the pavement affording this with the least money the desider- 
atum the hour. The indiscriminate depositing mass broken 
stone varying from never can, and never will, approach 
the requisite alluded above. 

Here the money question enters again; stone-breaker has yet 
been constructed, and probably never will be, deliver 1}-in. stone 
and nothing else. the writer’s early youthful desire get the most 
for somebody else’s money, drew specification requiring ins. 
in. broken stone spread the foundation; the attempt get 
this would have brought grey hairs older man. There appeared 
inordinate quantity chips, spread the foundation, osten- 
sibly for wedging it, but, the wedging capacity foundation 
limited, the chips seemed destined serve another purpose. The 
specification was, therefore, amended, and ins. 2-in. 2}-in. 
stone was called for, which basis the writer was enabled get 
along comfortably and have what wanted. The writer still clings 
his original idea that the proper construction the road was 
put the ins. broken stone and let the ins. wear out, and, 
when worn out, put ins. more on; now, when the ins. 
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1}-in. stone worn away, ideal requirement would necessitate the 
renewal the ins. 1}-in. stone, and many roads under his 
this has The result that the course 2}-in. stone 
dead capital wasted, yielding return; heavily traveled road 
the defect not apparent, and the whole covering broken stone. 
can worn out before renewal. question here naturally arises, 
how far 4-in. pavement, without foundation, can worn without 
renewal; ins. may do, ins. questionable, and ins. not 
considered suggests the writer the parallel instance the plank- 
ing bridges, ins. originally, with 1}-in. wear, leaving 1}-in. net 
which without strength now uses his practice 5-in. planking, 
reducing the percentage waste its lowest point. 

recently erected plant the Hudson River, which was supposed 
embody all the modern improvements, was examined the 
find out why the 3-in. spawls would still appear the stone that 
had passed through 1}-in. screen, and furnishes curious instance 
the method supplying the requirements business broken 
stone. was found that the tailings were judiciously run 
elevation and run into the 1}-in. bin, and was necessary have the 
whole village uproar, the Mayor and Council passing resolutions, 
and the press indulging unlimited liberty for two months, before 
those tailings stopped getting into that bin. This only alluded 
show the difficulty engineer has opposing accepted practice, 
indulging ideas construction that are really extravagant, even 
though may incidentally get what individually wants. 

The use screenings incidental the construction, and tem- 
porary its effect, that nothing but passing allusion necessary 
more properly item construction rather than repairs. 

This brings the question the details construction, and 
here another point controversy reached. 

The items forming the procedure construction 

Stone. 
Labor. 
Packing. 
Rolling. 

the construction road these items are indiscriminately 
intermingled, the better course probably would for the writer 
follow out the plans usually adopts, and note its variations from 
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other accepted practice. agreed all sides that the roadbed 
should graded surface uniform with the finished roadway. 
this, his practice, laid the foundation, without rolling, pre- 
fers adjust the bed the varying depth stone, digging out 
necessary, for the stones, rather than break off the stone top 
fit the pavement thin pavements universal roll the road- 
bed before the broken stone put on, and with this practice 
but also almost universal roll the bed for Telford 
pavement, which practice, after trying and abandoning it, de- 
murs. 

laying granite blocks, any unevenness depth appears, the 
adjustment made scooping out the sand the bottom, and the 
same principle applies the Telford pavement; the earth bed 
rolled solidly before the blocks are laid, the stones are prevented from 
discovering their proper bed till such time becomes com- 
pletely saturated and yielding, contingency that always occurs, 
perhaps not for months after the road completed, and then 
the detriment the stability the pavement. After the foundation 
laid and wedged, according the accepted practice alluded 
before, coating loam, clay, placed therein the thickness 
about This merely put there prevent the spawls 
working and mixing with the smaller broken stone above, which 
they will surely unless great care taken rolling, which costs 
money, and more economical use the packing. 

The controversy the use packing has been endless and unlimited. 
the writer’s earlier experience all the roads were built clean 
stone, and packing was used except such the contractor dragged 
the prosecution his work, and dragged all could; 
with considerable watchfulness and fighting clean stone roads were 
built. The writer found, however, comparison with roads built 
with packing, that was disadvantage, and so, after time, 
adopted the use packing, and still adheres it. wasa long task 
educate the community the acceptance packing the roads, 
but with the adoption the idea that they got their stone with the 
packing, instead getting the packing place stone, and the in- 
stillment this idea into the contractor’s mind (he viewing the 
light dollars and cents) the packing question entirely elimi- 


nated from the controversy cease even Packing, 
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however, treacherous too much will ruin road 
for all time, and the use can only acquired experience the 
qualities the material, the present and future condition the 
weather, all entering factors its use, and requiring good judg- 
meut the engineer and contractor, and more especially good 
spreader, for uniform and proper spreading the great secret the 
successful use packing. 

Many years after the use packing was accepted with us, neigh- 
boring communities were strenuous conflict the advisability 
its use, and, the writer not mistaken, the Legislature New York 
has passed law prohibiting its use certain county the State; 
with equal good sense law might passed insisting special 
treatment for biliousness doctors. Satisfied with the use pack- 
ing, will now proceed with the construction our road. 

After placing our packing the foundation, let rolled toa 
uniform surface, which place and spread broken stone the 
required size and thickness; let this continually and repeatedly 
this place another thin coating packing, which should rolled also. 
better this stage roll the broken stone and packing the 
same time, working the roller backwards and forwards over each, 
and, possible, inviting the travel the surface once this travel, 
necessity, causes ruts, but the roller soon works them out, and the 
more ruts that are caused travel before the roller leaves the work, 
the more thoroughly homogeneous will the wearing After 
this, let the travel have full scope the road, and after the contingency 
surface ruts eliminated, spread the screenings and roll them down 
thoroughly. 

Another point controversy the question rolling. 

The rolling road unquestionably conceded necessity 
construction and repairs, and the writer would loth gainsay it; 
but notwithstanding his acquiescence thereto, satisfied that 
amount rolling per will ever succeed making that great desider- 
atum road construction—a homogeneous mass broken stone—as 
well the wheel travel itself that end uses the roller 
adjunct invite the wheel travel its work, and not finish 
the road ready and complete for the travel itself; this, course, applies 


more particularly repair roads, but the construction road 
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incidental, and the repair perennial, the practice repairs 
more important than the mere item construction. 

The writer must again revert his early experience and state that, 
common with the practice twenty years ago, then inserted 
his specifications requiring steam-roller; subsequently 
eliminated this clause and has yet seen cause revert it. The 
only advantage that can possibly urged for steam-roller that the 
work can done cheaper steam than horse power; his speci- 
fication, however, has never debarred steam-roller, yet after the 
specific requirement had been removed, steam-roller was ever used, 
even though the contractor had one housed and ready for use. This, 
seemingly, would dispose the economic view the roller question, 
but there are other views requiring dissemination. Considering bulk 
broken stone mass wedges, well-known principle that 
static vertical pressure can compress any hard material such 
character appreciable extent, and accomplish settlement 
broken stone, motion necessary; the more continuous and repeated 
the motion, the more decided the settlement. is, therefore, apparent 
that the application tons 100 times mass broken stone will 
much more efficacious than the application tons times—and 
the experience the writer tends confirm this theory (if theory 
be)—and for the last fifteen years steam-roller has not been required 
used him. 

addition this the repair roads communities where there 
are many them continuous process, and steam-roller used 
would use practically all the time, and the suspicion its 
whereabouts would put embargo travel and hindrance the 
free use the roads for traveling purposes. 

Another objection the steam-roller its excessive weight per 
square foot, which apt crush culverts and pipes, and put 
undue strain bridges not for such load. 

The only remaining item construction that can alluded 
the use screenings, and its consideration applies also repairs. 
the writer’s mind coat screenings like coat paint, which may 
while the construction roads has not departed from the prac- 
tice using it, repairs finds that satisfactory and economical re- 
sults can obtained without it. the output cracker there will 
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be, necessity, certain proportion dust resulting from the pro- 
cess breaking, and this dust impairs the wear the 1}-in. stone 
put the road with them, better top, and the present 
state public opinion, much necessity the broken stone 

heavy-traveled road the writer has noticed that good coating 
screenings, say, in. thick, will last from three weeks month, 
and then the travel gets its proper bearing, viz., the stone; 
coating screenings costs from $250 $300 mile, and his mind 
expensive luxury. 

the practice repairs the writer has abandoned the use dust 
for years, except special localities, and finds that the surface the 
roadway practically good without with it, and great saving 
money results. 

now come the last point controversy the road question, 
and that repairs. The first thing the repair roads to. 
establish the minds the community which has arrived the pitch 
excellence building good roads the fact that proper and 
cient amount money should furnished repair them; this idea 
having been ingrafted their minds, proper and judicious 
iture this money should arrived at. here once con- 
fronted with the tradition other climes. Tradition says, carefully 
patch any defect the roadway immediately its appearance; tradi- 
tion says, keep small party men section repairing these 
patches; tradition says, have piles stone stored the highway con- 
venient for the patches; whereas, practice shows that patching 
mistake. road properly and uniformly constructed should wear out 
uniformly, and repairs should made large sections occasion 
demands. also says, pick the surface the old road be- 
fore putting new stone; practice says, put the new stone when 
the surface worn rough enough need it. 

repairing roads the practice the writer put the broken 
stone and roll and treat practically the same manner the top 
course the original construction; the stone the 1}-in. size being 
put about ins. thick, with the necessary rolling and packing. 
Dust screenings may may not used, the pockets and desires 
the community dictate; coating dust, course, gives quicker 
and, consequently, more satisfactory results. 
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One other point the case the combined effect dry weather 
and wind the surface, the tendency being such times for the 
top stone become entirely loose and broken up; sure remedy 
this time coating screenings, but less costly substitute 
thin coating loam, which tides over the difficulty till the next fall 
rain, when the loose particles resume their original position. 

The practice isolated patching and repairs condemned, 
except under urgent necessity; road rutted, the ruts undoubtedly 
should filled up, not with screenings, often done, but with 
the 1}-in. stone; the road breaks up, course should 
repaired, but, has been said, well-constructed road either breaks 
ruts. 

The cost and frequency repairs vital importance the 
pockets and comfort any community, and proportion the 
lack care original construction and travel upon it. 
isolated new road, section poor roads, will carry much larger 
amount travel first than will normal the future, and 
the experience and statistics such piece work would not give 
proper idea future necessities. The writer has known 4-in. road, 
before stated, require repairs the next year after construction, 
and knows 12-in. road that has been laid down years, and 
has yet received repairs; course, its condition not ideal, 
yet the travel the 12-in. road was far greater than that the 4-in. 

The average period duration the average road, under ordinary 
conditions, would from four five years; the width was particu- 
larly narrow, confining the travel small limits, this period would 
decreased, but fair estimate for repairs would 3-in. broken 
stone every four years; this will ensure good, permanent and smooth 
surface, and keep the waste wear and tear. The writer will not 
venture allude cost, that matter dependent locality 
might lead wrong impressions. This includes, far the writer 
aware, all the controverted questions road construction; his par- 
ticular object this paper is, stated before, invite criticism and 


discussion, and trusts ample opportunity will given that 


: 
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DISCUSSION. 


occupy time indorsement all the good points this 
tive paper. There is, however, one which attention might called; 
that is, unreasoning application principles construction suit- 
able other countries, other parts this country sections, 
under circumstances which they are not fitted. glaring instance 
this kind seen the Central Park this city. The eminent 
landscape architects who designed this park had apparently read the 
books attainable that moisture was the great enemy wheelways, and 
they very skillfully devised system roads with little shade 
near them; while the fact that this country trap-rock, steam- 
rolled road, without clay loam its composition and well sur- 
faced that water does not stand it, not injured being kept 
damp, but such road loses its coherence through excessive dryness. 

The unshaded condition these roads has apparently necessitated 
coating loamy gravel with frequent watering. appreciation 
the climatic environment and its effects roads would doubtless have 
resulted more shade the roads, with greater comfort those who 
use them. 

The claim made many that roads should constantly maintained 
and that stores material should every where seen the roadside 
this material that requires constant maintenance has, general prin- 
ciple, failed. surfaced with either earth, gravel, thesofter 
rocks, require maintenance repairs, varying frequency with the 
amount passing over them. Along the Brenta, the dili- 
gence road between Trent and Bassano, the road surfaced with 
limestone shale, which convains good deal tufa; soft that 
can readily cut with common axe and the road surface nearly 
good enough play billiards on. This surface could only secured 
constant maintenance, and with that maintenance the material de- 
scribed makes good road metal. would, however, worthless 
repaired but once year. 

the west side the Hudson, near the Dunderberg, limestone 
quarried and broken for light Macadam roads which possibly ranks 
the best the limestones. hard and packs readily under 
wheel traffic not laid too thick layers, and holds its surface 
admirably, but requires considerable maintenance, and think Mr. 
Owen will agree with that only trap road that can left 
from one five years without the necessity repairs. 

Mr. Owen and myself have differed several subjects; one the 
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matter rollers. thinks that 2-ton horse-roller better than 
15-ton steam-roller; correct this the 125-ton steam hammer 
that some have seen Pennsylvania ought mistake. 
With that difference between ourselves regard the use the 
steam horse rolled road—and horse-roller very good thing, 
you cannot get steam-roller very necessary—with that differ- 
ence comes difference regard packing. Mr. Owen thinks loam 
the best, and you have nothing but 2-ton roller is. 
ings would out place and sand worthless; loam with fair pro- 
portion clay required hold the stones from rolling over 
and wearing off their sharp edges, but 15-ton roller can 
secured, better use trap screenings making trap road. 
think you get more homogeneous and better wearing road using 
trap The screenings should put with the trap and 
rolled down with it, care being taken not put much that 
layer screenings worked down below the stone; then put 
water that more will down and add screenings and water 
the top until flushes puddles; then cover with light coat 
screenings and turn the traffic. Screenings put road already 
compacted, for the purpose repairing it, Mr. Owen says, are 
almost invariably wasted, but screenings rolled with 15-ton 
roller during construction are not wasted. 

When recourse must had horse-roller, which not only 
lighter per foot run than steam-roller, but lacks the assorting action 
ofthe driving wheels, the aid wagon wheels, Mr. Owen says, neces- 
sary make compact roadbed. Frequent rolling obliterates the 
wheel tracks, prevents formation ruts and more efficacious than 
the use rakes which used prescribed. 

This brings another difference—a difference the thickness 
the roadbed. The perfectly correct theory that the resistance 
any roadbed breaking through function the square its depth, 
when the two depths are homogeneous, the one the other, may 
opposed the theory that the roadbed both shield against wear 
and roof against the softening the earth below it. conformity 
with the first theory would waste money build 16-in. 
possibly 8-in. road broken stone, and not necessary that 
the wearing surface should water-tight. fact the elasticity should 
supplied the surface, cannot looked for properly 
wedged foundation. But the second theory the roadway should 
first thoroughly compacted rolling, and with trap rock, any 
the igneous other rocks which not bind readily, the broken 
stone should rolled with filling binding material equal hard- 
ness with the stone, that hard surface obtained, which sheds the 
water instead allowing pass through and puddle the earth 
below it. Clay entirely out place roadbed designed this 
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theory, for has great affinity for water, and, when acts 
lubricant, inviting the wheels break through into any softened earth 
below. This style road building opposes skillful workmanship 
mass. Where stone the best quality surrounds locality, 
Eastern New Jersey, the massive construction may the most eco- 
nomical; but where stone any kind burdened with the cost 
transportation over great distance, the skillful workmanship will 
probably found the more economical the two. 

The animus American engineering accomplish the largest 
possible results with the smallest expenditure either time, labor 
material, the mean their money value. The 4-in. Bridgeport 
roads, which were referred to, are instance point. Mr. Pierce has 
there built miles road, the city and leading it, 
average cost about 000 per mile. Two short pieces only these 
have broken through. They were repaired putting layer 
stone, without serious interruption traffic. 

gentleman living near Bridgeport told had extended one 
the Bridgeport roads better one. had built foundation and 
roofed with the same kind road Mr. Pierce built, and understood 
that cost about 000 per mile. will immediately seen that 
either more road could have been built, or, necessary, 80% the 
road built could have been reinforced for the same money. The oldest 
the Bridgeport roads had then been down about seven years without 
renewal. Compounding the costs the two roads for that time, 
the thin road would cost 500, and the thicker This un- 
doubtedly extreme case, but seems that there are few 
instances which thin roads, properly constructed, would not prove 
more economical. 

There another view the case which has been too much neg- 
lected, the difficulty, not practicable impossibility, raising 
the capital necessary for constructing any roads. The reductions 
freight rates our railroads and waterways have made rich 
nation, but almost nothing has been done for our wagon roads. 
those which gather traffic for our large lines transportation, 
freight costs much to-day time and labor—more money—than 
years ago, and the people who depend wagon roads for mar- 
keting their produce have not the financial ability build either style 
road; they often lack, think, desire for good road. 

Under such circumstances useless recommend either Mac- 
Telford. The improvement must commence with good 
enough roads that are much better than the present style the 
skill and money attainable will permit. These roads reducing the 
cost transportation will afford the funds necessary for additional 
improvements. 

Am. Soc. E.—In reply Mr. North, would 
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say building the present time 8-in. Telford pavements ft. 
wide, that cost somewhat less than 000 per mile. 

steam-rollers, had quite long experience with them for 
period about six years, and one road had three steam-rollers 
once time when built roads without packing. that 
road built without packing broke more easily dry weather 
than one with packing; packing mean other material than the 
stone used for the road itself. began repair the roads, 
found that make without the packing was costly prac- 
tice; this led its use, and afterwards adopted the same course 
construction and have never regretted it. road built with steam- 
roller without packing costs about cents per square yard more than 

with packing. The question cost very material the whole 
problem road construction. made approximate estimate the 
general average roads throughout the State New Jersey, for 
Telford road ins. thick, ft. wide, about 000 per mile. some 
places could done cheaper. 

With respect grades, would state that have great many 
roads with steep grades, some high 10%, and there cer- 
tainly tendency for the water wash the roadway; but put- 
ting brakes and increasing the crowning, the wash obviated. 
one roads one the water spouts, 1874, completely 
washed out the sides the road the gutter, and left the Telford 
pavement standing up. 

Vice-President Am. Soc. E.—Do understand 
Mr. Owen that Macadam roads should not sprinkled 

Mr. they may sprinkled, but repairs cost more 
sprinkled road than any other. once got some rock salt and put 
the sprinkling wagon, and found that the water mixed with rock 
salt would hardly disappear noon the next day. did not carry 
the experiment very far; rather costly. 

Mr. wish Mr. Owen would explain what means 
road ins. thick. you mean include the Telford foundation 
each case the ins., ins. and ins. 

Mr. the and 10-in. are Telford, and the 6-in. are 
broken stone alone. 

Mr. the and 8-in., how much would Telford 

Mr. ins. Telford the 8-in. road, and ins. the 
10-in. 

Mr. 

Mr. notice that you say your paper, and Mr. North 
seems coincide with you, that the travel should allowed 
the road soon the broken stone placed. not true that the 
road packs very much better when the broken stone fresh than after 
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becomes rounded; and does not become rounded soon the 
travel turned on? Would not better for the roller over 
the stone lies fresh and then turn the travel it, rather than 
let the narrow tires ordinary travel pass over 

Mr. constructing the road after the foundation 
are laid, the broken stone put and rolled, then top spread 
the packing which also rolled. Then keep rolling the stone 
and packing progressively, and, when the surface solid, the travel 
allowed come on, and the ruts caused the travel rolled down 
before the dust put on. The dust will not repair remove the ruts; 
and they occur after the dust spread, 1}-in. stone has spread 
the ruts fill them up, which has tendency make uneven 
surface. Uniformity size stone great desideratum. 

road until there has been enough rolling pack the stone, although, 
ordinarily, making suburban roads, the travel generally allowed 
pass over before rolling. 

Mr. tendency form permanent ruts. 

Mr. not rut indication that the road has been im- 
properly made 

Mr. are two classes ruts; you have rut caused 
the imperfect foundation, permanent rut, and never can 
eliminated; rut the surface, however, wears out and disappears, 
can obviated putting stone on. Ofcourse, tendency 
make little unevenness. 

Secretary Am. Soc. E.—Many the roads 
along the seashore are shell roads, and though such road may 
very well made, yet absolutely necessary watch and fill all 
breaks once, prevent the formation holes. had occasion 
see that the Government road Old Point Comfort, Va. The road 
would repaired and then left itself until became rough 
unbearable, when would covered all over with shell. 
little repair would have saved much the expense. 

commence repairs, would scrape the road, remove the upper material 
the mud before puts his new material 

Mr. sir; not anything the kind. repair- 
ing generally put such thick coating that the surface below 
far down that its condition not material. 

There one point that wish call attention particularly, that 
is, the capacity the country large raise money. think 
not judicious way advise people the smallest amount 
money they can raise. The expenditure money any taxation 
comparative; the rates for taxes are generally made, not according 
the ability payment, but compared with some rates elsewhere. 


DISCUSSION DISPUTED POINTS ROAD BUILDING. 627 
hunted the statistics for New Jersey, and found the amount 
money the farmers pay one year for repairs the roads was over 
000. They are taxed that, and pay without murmur. 
they double and raise 000 000, years they will have com- 
plete system macadamized roads that State. 

Am. Soc. E.—I want say that every mem- 
ber the Society, particularly those traveling other States, can doa 
good work connection with this subject. They may come contact 
with persons who are preparing laws respecting road improvement, and 
can influence them include provision that all the work must done 
under the care competent engineer. fell lot meet with 
those who were drafting the New Jersey law, and got them include 
such provision and was passed the Legislature. has done more 
towards helping get good roads New Jersey than anything else. 
them that unless this were done they might well throw the 
money into the sea; was absolutely necessary. That provision has 
been copied the laws some other States, and very necessary 
that some such provision should good roads are 
obtained. 

Mr. the time Mr. North submitted his celebrated paper 
the Society road making, the winter 1878-79, there was 
large amount discussion this subject. Among others, took part 
that discussion and described the making two roads, each about 
two miles length and the same ridge—the Palisade ridge New 
Jersey—in which trap rock was used; ins. foundation and ins. 
broken stone. The roads were just finished the time the paper was 
read. One the roads was rolled with steam-roller and the other 
with horse-roller. Neither received any attention speak all 
for five six years, and was difficult see any difference the 
wear the two roads. 

experience has been very much the same Mr. that 
road rolled with horse-roller, properly rolled, will wear equally 
well road rolled with steam-roller. will take longer make 
the road, however. But far the wear concerned those two roads 
mentioned are use to-day, and one just about good the 
other. Our experience has been, that with grades steeper than 
macadamized road rather unsatisfactory. always acted 
water much more serious extent than when the grades are lighter. 
With steeper grades would rather have block pavement and avoid 
the Macadam road. The horses control their loads better, with the 
block pavement than with Macadam. have stopped building 
Macadam roads heavy grades. 

One very serious objection Macadam the enormous amount 
dust. Mr. Owen spoke the fact that trap rock makes the best 
Macadam roads, but even with trap the dust almost blinding dry, 
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weather, and, without sprinkling, the road almost impassable. 
now speaking roads towns more particularly, rather than 
roads running through farming country. You take comparatively 
flat road and the dust accumulates that becomes annoy- 
ance the houses adjoining; that applies trap rock and must 
very much more applicable rock that wears more rapidly. The 
only thing have been able control this dust keep the 
road well sprinkled. 

This subject road building very broad one and one which 
occupying the attention the whole country perhaps more to-day 
than any other subject. matter that has been brought before 
the country reason the enormous increase bicycle riding. 
Anyone using wheel finds very desirable have good roads ride 
over. These riders have done more than any one else secure good 
roads country. great deal attention being paid 
this subject the cities and the different municipalities the 
various States. just such practical papers this one, presented 
Mr. Owen, who has been giving his life the building good 
roads and has built more than perhaps any other man this country, 
that are especially acceptable this Society. are indebted very 
much Mr. Owen for the paper has read and for the happy 
way has presented the subject, and all the light can get from 


other members the Society will heartily welcome. 
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THE USE ASPHALTUM FOR RESERVOIR 
LININGS.* 
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For number years past, experiments have been made rather 
way various parts California the use asphaltum for 
reservoir linings, particularly the southern portion the State 
where the natural product abounds great variety forms, from 
hard rock liquid mineral tar,” called, oozing from the ground 
springs. The natural properties asphalt seem render use- 
ful material from which form water-tight coating for reservoirs. 
insoluble water, and neither acids nor alkalies dissolve 
affect its cohesion; hence imparts taste color water com- 
ing contact with it. elastic and will yield considerable 


Discussion this paper received before February 15th, 1893, will published ina 
subsequent number, 
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settlement the surface which lies without cracking losing 
its integrity. easily repaired, and new material can made 
unite perfectly with the old, wherever patch may needed. 


The writer has had occasion examine number small reser- 


voirs lined, and almost every case found them satisfactory 
condition, and generally impervious water. One these, that had 
been use for four years the town San Buena Ventura, was 
extreme example the serviceability asphalt. circular reservoir 
about 100 ft. diameter and ft. deep had been excavated for perhaps 
one-third its depth light, sandy and gravelly soil, the material 
excavated being used the embankments. This was paved the bot- 
tom and sides (sloping with cobble stones laid mud, the spaces 
between being partially filled with the mud mortar. When dry, this 
rude masonry was covered with thin coat liquid asphalt, poured 
hot and spread with brooms. The thickness the sheet did 
not exceed and places was not over aninch thick. The 
reservoir was not covered. After being filled with water, one portion 
the banks was said have settled outward more than ft. without 
breaking the integrity the lining. The cost the lining was very 
small; has required few repairs, and bids fair render service indefi- 
nitely. Another reservoir examined the writer was excavated 
firm shale and soft sandstone, with nearly vertical sides, which the 
hot asphalt was successfully applied. This was small house-service 
supply reservoir, and had been year use without repairs when 
examined. 

Other instances the use asphalt repair cracked and broken 
concrete linings reservoirs were noted, all cases with success. 
The writer subsequently constructed his own premises circular 
reservoir ft. diameter, ft. deep, which lined with asphalt 
thick. The side slopes were and the first coat, consisting 
66% pure bitumen) and beach sand, after being heated 
temperature 300°, was spread with hot rakes and consolidated 
means hot tampers and smoothingirons. was laid sections 
wide, half the height the slopes. The edges should have been painted 
with pure liquid asphalt before the adjoining section was laid next it, 
and was doubtless owing neglect this precaution that after 
being use one year small cracks appeared, outlining the joints where 
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the various sections were laid. These cracks were all repaired, however, 
with half barrel asphalt, and the labor one man for three days; 
and the reservoir perfect condition after two years, although 
exposed the sun. The sheet asphalt was tacked the slope 
means strips strap iron, ins., driven intervals 
asphalt fluxed with about ‘‘mineral tar,” the heaviest 
the natural oils California, heated temperature about 250° 
Fahr., was applied over the entire surface. was poured thinly 
possible, and ironed down with hot smoothing irons. Its thickness 
averaged about inch. 

With this experience, and after careful examination the prin- 
cipal asphalt beds Southern California, well the sea walls laid 
asphalt and described Ambrose, Am. Soe. E., 
Vol. the Transuctions the Society, the writer felt justified 
recommending the use California asphalt for the lining two 
large distributing reservoirs constructed the City Denver, Colo., 
The Citizens’ Water Company. These reservoirs, known the East 
and West Ashland Avenue Reservoirs, lie side side (see page 634), 
and were excavated their full depth ft. the upper higher 
side, the material being used form artificial embankments the 
lower side, where the minimum depth excavation below the natural 
surface was ft. They are intended filled depth 
and there was therefore one side ft. water sup- 
ported against made bank. The whole the West and por- 
tion the East Reservoir were excavated during the winter 1890-91, 
when there was good deal frost the ground, and although 
12-ton steam roller was employed consolidate the banks, consider- 
able settlement was anticipated, which would have been fatal 
concrete lining. 

The dimensions the West Reservoir were follows: bottom, 
341 256 ft.; top, 350 420 ft.; maximum depth, ft.; depth roof 
line, ft.; depth high water-line, ft.; side slopes, 1.33 
capacity, gallons. East Reservoir: bottom, 152 494 ft.; 


top, 236 580 ft.; depth, slopes and capacity the same the West 
Reservoir. 


The material excavated consisted ft. sandy loam, 
ft. hard clay impregnated with alkali, and ft. shale, 
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embankment the slopes were sprinkled and rolled with slope roller 
weighing tons, drawn the slopes and lowered engine placed 
track along the top the banks (see Plate LXV). 

the time the West Reservoir was completed and ready for lining, 
was found impossible get the amount California asphalt needed 
within the time available, and was decided use Trinidad asphalt, 
which could obtained the ground from the Barber Asphalt Com- 
pany, then engaged paving the streets, and having operation 
capacious plant for melting and mixing the materials. contract was 
made for the delivery the materials the reservoir, given rate 
per day. had hauled wagons about miles, and the 
roads were muddy and the weather cold, some the asphalt chilled 
the way and had rejected. All that was put was supposed 
temperature 250° and over. Beginning the bottom, 
the slopes were laid horizontal strips about ft. wide, the 
thickness averaging about ins. was spread with hot rakes, 
tamped hard possible with square tampers kept hot and fre- 
quently changed, and ironed with heavy hot smoothing irons. While 
the sheet was still warm, anchor spikes, cut from strap iron, 
ins. long, were driven through the asphalt into the bank, rows 
ft. apart, about ins. from centers the rows. Every other 
row was driven down flush with the surface, the alternate rows being 
allowed project ins. above the surface temporarily, serve as. 
rest for strips 4-in. lumber, placed loosely above them 
the slope, thus forming steps for the workmen ascend while working 
the space above. When the finishing coat came applied, these 
projecting spikes were driven flush, and all painted over. The bottom 
thickness was about lin. After spreading and tamping, was rolled 
with cold steam roller weighing coat refined 
Trinidad asphalt, fluxed with residuum oil, was poured hot, from 
buckets shaped like coal hod, and ironed over with hot smooth- 
ing irons, heated red. These irons had passed over the 
surface quickly, and when first applied produced yellow smoke; but 
was found that perfect cohesion with the first coat could not 
secured except thorough ironing with very hot smoothers. When 


finished, the surface had bright, glossy appearance, though var- 
nished. 
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The cost this work was follows: 
304 tons, asphalt mastic, sand, 


tons, 15% asphalt mastic, sand, $10...... 580 
86.21 tons liquid asphalt, fluxed with oil, $40.... 
Fuel for heating irons and for steam-roller......... 276 
Peg irons—material, and dipping asphalt. 650 


Area surface covered, 152 580 sq. ft. 
Cost per sq. ft., 14,44 cents. 


Plate LXVI view the west bank the West Reservoir, with 
slope roller the distance. 

Plate shows the lining partially completed the east bank 
the West Reservoir, looking north. The undriven spikes support 
the ladder strips can seen this view. 

The East Ashiand Avenue Reservoir was lined with California asphalt 
July and August the current year. The material was furnished 
from the Santa Barbara County beds the California Petroleum and 
Asphalt Company, the asphalt being from the Patera mine, and the 
from Las Conchas mine, near Carpenteria; was prepared the 
ground the Blake Asphalt Company, Denver. 

The Patera asphalt mine one the most interesting deposits 
rock asphalt the Pacific Coast. was discovered four years ago 
outcrop the water few feet from the shore small estero, 
within 100 yds. thesurf ocean. The principal part the deposit 
seems below the level the ocean, the lowest workings being now 
ft. below tide level. The asphalt mined out masses from 
cu. ft., means long wedges. peculiarity the mining 

the fact that all picks and wedges become sharper with use and 
soon take keenedge. The asphalt brittle, easily mined, and 
not sticky, nor does run together solid mass being piled 
the sun. remarkably uniform quality, and carries 68% 
the mine for $20 The fluxing material known Las Conchas 
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asphalt obtained from extensive deposit along the sea shore near 
Carpenteria, some miles east the Patera mine. richer 
oils and will volatilize 300°, and 86.25% Fahr. car- 
ries non-volatile bitumen, besides the 86.25% 
volatile 100°, total 98.83% bituminous matter, and 1.17% 
mineral. The process extracting from the sand which 
found passing through long cylinder peculiar construc- 
water. The sand passes out the end the cylinder clean and 
white, while the asphalt floats the surface the water, and then 
specially treated with hot compressed air drive off the moisture. 
shipped barrels, and viscous mass, somewhat less 
than cold molasses ordinary summer temperature. 

preparing the mastic for coating the reservoir, the proportion 
the Patera asphalt and Las Conchas flux used was about 78% 
the former the latter. was boiled open kettles for 
about twelve hours, temperature 250° 300°, and frequently 
stirred, prevent burning sticking the bottom. The sediment 
that settled the bottom the kettle was removed with long-handled 
shovels, and used later another portion the work for asphalt 
concrete. For the first coat, 20% weight this mastic was mixed 
with sand (previously heated the same temperature), 
provided with strong paddles. The mixing occupied about two 
minutes, when the charge was dumped into cart standing underneath 
the mixer, whence was conveyed the bottom the reservoir and 
there dumped upon wooden platforms, and thence taken hot scoops 
the spot where was applied. The spreading and raking were sim- 
ilar that described the other reservoir, but the compression the 
asphalt was accomplished means hot rollers, instead cold 
rollers, tamping irons and smoothers, method which accomplished 
the work superior manner the former process. These rollers 
are formed from sections cast-iron pipe, turned off smooth upon the 
outer surface, and fitted with hanging fire basket inside the cylinder, 
which fire was maintained. For the bottom work 30-in. pipe 
was used, and for the slopes the pipe was but ins. account 
the weight. This was pulled the slopes means 


wire cable, passing over pulley the upper end. Six seven men 
were required manipulate this roller, besides man guide 
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with long handle. The result hot rolling was consolidate 


the sheet asphalt into compact mass, driving out the air and pro- 
ducing more perfect cohesion the particles than possible tamp- 
ing, ironing cold rolling; for the reason that the asphalt worked 
while still hot, and the roller passes over quickly and presses 
thoroughly that has opportunity chill cool off before 


compressed, and the hot roller keeps its temperature until the 


work consolidation complete. Hot rolling essential per- 


fect work asphalt thorough tamping successful results 
cement concrete. 
The weight the mixture asphalt and sand, after being com- 


pressed, was found 127 Ibs. per cubic foot. The total surface area 


covered below the roof line was 143 667 sq. ft., requiring 302 837 Ibs. 
the mixture, about lbs. per square foot. 


This gave average 
thickness the sheet 1.53 ins. 


The sheet asphalt was pinned 
the slopes similar manner that employed the other reservoir, 
the pins being driven ft. apart alternating rows, except when 
the shale was too hard admit the strap irons being driven into it. 
This occurred over about one-fifth the area, and there heavy sixty 
penny steel-wire spikes were driven somewhat closer together. 

The second paint coat pure asphalt was applied after the first 
coat was completely finished, and was thoroughly ironed with red-hot 
smoothers, secure perfect adhesion with the first coat possible. 
This result was attained perfectly, except spots where dirt had be- 
come ground into the surface the first coat the tramping 
muddy boots after rain. The most satisfactory way insure per- 
fect contact and cohesion the two coats undoubtedly apply the 
second coat immediately after the first laid and while the latter 
still warm and clean, but there were many little reasons and objec- 
tions raised the foreman” this method doing the 
work, which might have been overcome and should overcome 
the execution any similar work, insure the most perfect results. 


The thickness the second coat has leathery 


consistency, toughness and elasticity, and although manifests ten- 
dency warm weather creep and gather wrinkles down the slopes 
both reservoirs, never breaks; and remains impervious water. 
The total amount asphalt used the second coat the East 
Reservoir was 178 470 Ibs., 1.24 Ibs. per square foot. 
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The cost materials was follows: 
First per aq. ft. 


Labor, fuel, spikes, cost for both 


Total cost for labor and materials.. 


When the interior lining the East Reservoir was finished, the 
slopes above the roof line both reservoirs were covered with heavy 
coating asphalt, ins. thick. This was carried entirely 
over the top the embankment between the two reservoirs, and for 
width ft. over the top the banks surrounding them, form- 
ing substantial pavement pathway entirely around each, cost 
218 for materials and about $700 for labor. 

The total expenditure both reservoirs account asphalt work 
was $48 498 69, about 100 per 000 000 gallons storage capacity. 
reasonable estimate the cost lining these reservoirs 
equally substantial manner with cement concrete, brick stone, ex- 
ceeds this figure 100%, although this was not the chief motive for 
adopting asphalt preference other materials. 

the time the West “Reservoir was lined, the embankments were 
fresh and had been hastily constructed the reservoir was imperatively 
needed for immediate service, and material for lining was required 
that would stand the vicissitudes the emergency without serious 
impairment. The result proved the wisdom the choice, settle- 
ment did occur, although not great was anticipated. fissure 
was opened the lining about ft. below the roof line the 
highest part the made bank, the crack being some ins. wide and 
100 ft. length, but was repaired without drawing the water off, 
expense $20. During the past winter severe test was ap- 
plied the lining prove its tenacity and hold upon the 
formed the thickness ins. when the water stood within 
ft. the top, and, while was frozen fast the lining all around, 
the water was lowered and raised again ft., without the 
slightest injury the asphalt. There was not the same urgent reason 
for lining the East Reservoir with flexible material, the embank- 
ments had year’s settlement and were reasonably but with 
year’s experience the West Reservoir, and feeling confidence 
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being able improve upon the method lining, well upon the 
materials and mixtures, there seemed good reason change for 
more costly lining. 

few the special difficulties encountered the work may 
interest the way suggestion. small quantity seepage water, 
following the seams the shale near the bottom each reservoir, had 
taken care of, and caused little annoyance. was insigni- 
ficant quantity—not exceeding gall. per minute all—and was 
disposed cutting deep drains the bottom and the slopes 
high the moisture appeared, filling them about ft. deep with 
broken stone, covering them with plank, and then ramming earth 
the top. These drains converged collecting wells, into which 
short sections 12-in. cast-iron pipe, with the bell-ends turned up- 
ward, were inserted, and these were kept baled out during the pro- 
gress the work. The asphalt was brought these pipes, and 
well cemented them. When the lining was completed, these pipes 
were capped with light cast-iron plates, fitting into the bells, the 
center which was placed 2-in. flap valve made sole leather, 
with iron disc top hold place against pressure few 
ounces. These are sufficient admit the water freely into the reser- 
voir when empty, without exerting any appreciable lift upon the 
asphalt sheet, while they will close prevent leakage when the 
pressure the reservoir exceeds that the subsoil waters. There 
are about these valves the two reservoirs. They seem 
serve satisfactory manner the purpose for which they were 
designed. 

The crumbling the surface the slopes, when dry, especially 
after little rain, caused little inconvenience, the dirt rolling 
down would become mixed with the hot asphalt was being 
applied the slopes. remedy this, portion the slopes the 
East Reservoir was plastered with thin coat cement, lime and 
sand mortar, about in. thick. This, when dry, made smooth, 
clean surface which lay the asphalt. The writer inclined 
the opinion that wherever asphalt used earth slopes 
reservoirs, this preliminary plaster coat should all cases 
applied; and should laid with care, nearly in. thick, the cost 
which should not exceed five cents per square yard. this should 
then spread thin coat liquid asphalt, similar the finishing 
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coat, the foundation for the paving mixture with sand, which latter 
may advantageously reduced quality about 16% mastic 
sand. This method lining would render the paving coat 
impervious subsoil water well the water the reservoir, 
and thus preserve from the slight tendency softening under the 
action water, wherever compression not perfectly accomplished, 
and the sheet all porous. The finishing coat liquid asphalt 
really constitutes the lining. The paving, body coat asphalt 
and sand, which body for the finishing coat cling to, only 
impervious water where compression absolutely perfect. 

With the utmost care there will always occur spots where com- 
pression imperfect, due variety causes, most potent which 
inequality cooking, the occasional burning batch, the applica- 
tion too low temperature, the slight yielding the founda- 
tion, the use tools insufficiently hot, etc. For this reason, the 
writer recommends that the body coat laid between two coats 
the liquid pure asphalt. meant mastic containing 
least 80% bitumen. Under these conditions, and with the 
exercise watchful care over every stage the work, the writer 


believes that reservoir lining may made with asphalt that will 
indefinite serviceability. 
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THE INCREASING COST RAILWAY TIE 
RENEWALS. 
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WITH DISCUSSION. 


directing his attention the close details technical investiga- 
tion, incumbent the engineer keep mind those broader 
lines inquiry involving questions industrial availability and com- 
mercial policy. Partial neglect such studies has, measure, im- 
paired the influence the profession; whereas, proper attention 
them many individual cases, received deserving recognition 
with ample remuneration and enduring fame. 

The engineer, his training and logical methods thought, 
especially fitted give direction the commercial and industrial 
enterprises the day; yet, generally, specialized promotors appear 
who conceive wants, promulgate projects, and interest capitalists 
their own added importance and enrichment, while the engineer whose 
professional skill called for the development the necessary 
plans and execution the work, but meagerly rewarded, 
and his ability begrudgingly admitted. 


| 
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part the duty deal with men well with 
things, impress mind well matter, and give direction less 
mental than physical forces. not enough that formulate 
accurate and well-considered plans, and determine upon the best 
methods construction; for those who control the purse-strings must 
also convinced their availability, and little purpose that 
economical methods are devised and perfected unless the directing 
managers are impressed with their utility. 
This Society, less than its individual members, long since pre- 
dicted the growing importance railway tie renewals. Still, the 
question has not yet impressed the majority railway managers 
extent sufficient induce intelligent and well-considered action. 
for the purpose calling attention the commercial importance 
this question that the author has collated the figures which are 
herein tabulated. the figures given will appear complete justifi- 
cation that policy which several years ago led this Society, through 
its special committee, examine into various processes for the pre- 
servation ties well other forms timber; and they also afford 
ample vindication the wisdom that judgment which long since 
anticipated and sought avert the conditions which they disclose. 
The aggregate cost rail renewals, compared with the expense 
tie renewals for the lines reporting the respective railway com- 
missions the States Michigan and Iowa, will found the 
tables following: 


CoMMISSION MICHIGAN. 


Ratio. 
Rails. | Ties. 
Rails. Ties. 

251 915 $952 690 100 042 
162 445 100 057 
904 380 483 189 100 
628 269 328 100 094 
851 480 461 798 100 172 
943 323 223 997 100 130 
981 655 278 974 100 129 
861 017 681 100 165 
$12 730 600 969 100 197 
975 461 496 169 100 153 


q 
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AGGREGATE AND PROPORTIONAL YEARLY Cost 
RENEWALS FOR REPORTING THE COMMISSION 
ways Iowa. 


Year ending Ties 


June 30th, 1884......... | $1 751 142 $1 786 645 100 102 
“ 885 


2a 1 557 044 1 839 056 100 118 
689 883 119 935 100 126 
347 019 100 145 
213 274 089 100 187 
279 789 489 181 106 194 


$11 627 894 $16 608 197 100 143 


The commercial importance improved rails was early impressed 
upon the minds railway managers well members our pro- 
fession, and twenty years ago, when the traffic our great trunk lines 
showed but fraction the present tonnage, the substitution steel 
rails for iron had passed the initial stages experiment, and, 
greater less degree, had become the fixed policy many systems. 

The constant erfort the mills reduce the first cost the product 
had lowered the quality iron rails, that, under the traffic that 
period, certain exposed points, annual and even semi-annual renewals 
rail were means infrequent. that, lines the heavy 
traffic that time, the cost rail renewals was ruinously large; nor 
was this all, for the labor required relay, change, and cut the 
iron rails constituted item expense the magnitude which 
would hardly credited those whose experience maintenance 
way has been confined recent years. The high cost maintenance 
that time was met the relatively high freight rates which then 
prevailed. 

Let take the Lake Shore and Michigan Southern Railway 
typical Trunk Line. reference the very complete report that 
line for the year 1891, find that the average freight rate 1872 was 
1.374 cents per ton per mile against 0.628 cents per ton per mile 
1891, while the actual cost per ton per mile freight 1872 was 0.920 
cents, nearly per cent. more than the freight rate charged 1891, 
and more than double the cost per ton per mile 1891, the same being 
0.456 cents. 


Ratio, 
| Rails, | Ties, 
| | 
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worthy note that the Lake Shore and Michigan Southern 
Railway had received for freight handled 1891 much per ton 
per mile cost that company perform the service 1872, the 
surplus earnings that line would have been increased 332 683, 
which would have given aggregate 19} per cent. available for 
dividends. Upon the other hand, the cost per ton per mile 1891 
had been high 1872, instead showing surplus earnings equal 
its capital stock, the Lake Shore report would have 
shown deficit nearly 000 000. 

The panic 1873, and the inauguration adverse granger legis- 
lation 1874, caused the advent new era railway management, 
which the introduction wise economies became essential 
prosperity. Continuing through this period, our examination the 
cost per ton per mile the Lake Shore and Michigan Southern Rail- 
way, tabulated its 22d Annual Report, find that 1874 the 
cost per ton per mile had been reduced 0.767 cents, and still further 
0.474 cents 1878, from which time fluctuated, falling low 
0.398 cents 1879, and rising high 0.479 cents 1889; and 
spite the fact that the cost per ton per mile the past few years 
has been measurably increased the large sums expended for per- 
manent improvements, which have been included operating ex- 
penses, the cost per ton per mile never again reached the point five 
mills per ton per mile. 

These figures have been presented show the remarkable econo- 
mies which were put into operation during the seventies, and closely 
following the general introduction steel rails for renewals, which, 
marked degree, made such reductions possible. Indeed, may 
positively asserted that Bessemer’s invention accelerated the exten- 
sion our railway systems, and made the cultivation farm lands 
the Interior and remote Western States and Territories sufficiently 
profitable render the early and rapid settlement those sections 
possible. 

view the marked difference shown the declining cost 
rails and the increasing cost ties, one cannot but impressed with 
the great contrast which has attended the consideration these two 
important materials which enter into maintenance. 

From the day their earliest introduction the present time the 
history our steel rails has been carefully followed. The date lay- 
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ing has been recorded, the location accurately plotted, and, when 
taken out, the cause removal has been stated, and, not infre- 
quently, the chemical composition determined. the weight and 
form rail section, chemical composition, and methods 
ture, the engineer and metallurgist have not only been consulted, but, 
with any imposed restrictions, have been permitted direct 
their development; and notwithstanding the fact that much our 
knowledge has been empirically attained, and, spite the growing 
use heavier rail sections, our rail renewals have been and continue 
constantly diminishing item expense. 

With ties, the reverse seen the case, both methods and 
results; they have never been the attention they deserve, and 
the practical consideration the questions involved have, large 
measure, been denied the engineer, whose recommendations have 
been neglected rejected; and the increasing cost tie renewals, to- 
gether with the added labor which more frequent changes require, 
steadily augmenting factor. 

the several conversations which suggested this line inquiry, 
the author found that while the growing importance the increasing 
cost tie renewals was vaguely recognized, yet but few realized its 
magnitude, were aware the high cost tie compared with rail 
renewals. the tables which follow, the author has given compari- 
son the cost tie and rail renewals for lines, which were es- 
pecially selected because was able secure more complete record 
them. While has been able collect fragmentary data many 
Eastern lines showing the same figures were not 
complete and connected enough tabulate, and the time did not ad- 
mit delay for the collectior further figures. avoid undue 
length and complexity tables; average yearly costs are given for 
groups each three four years indicated the tables. 

indicates that tables were compiled from data collated the 
Poor Manual Co. 

indicates tables compiled from the Railway Commissioners’ 
Report for the State Michigan. 
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AVERAGE ANNUAL Cost TIES FOR THE GROUPS YEARS 
FOR THE SEVERAL RAILWAYS DESIGNATED. ALSO PROPORTIONAL 
Tre RENEWALS FOR SAME PERIOD. 


AVERAGE ANNUAL Cost. Ratio, 
YEars, 

Rails. Ties. Rails. Ties. 

$928 529 $350 189 100 37 
303 377 348 374 100 115 
188 715 367 895 100 195 
134 978 400 124 100 296 


Unton 


$289 143 $407 525 
366 199 735 080 
371 610 035 860 100 279 

201 566 350 583 100 174 

$114 052 100 146 
313 140 237 100 158 
436 317 106 100 730 
150 719 600 639 100 398 
— — — — 
MILWAUKEE AND Sr. 

455 327 644 262 100 141 
366 287 732 868 100 200 


1882-85....... 
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AND NASHVILLE. 


$664 620 $309 022 100 

1885-88,....... 373 254 718 100 102 

195 426 422 935 100 216 


$74 332 $30 045 100 
410 843 100 117 
109 100 100 242 


PHILADELPHIA AND READING. 


$503 859 $369 622 100 
276 072 260 554 100 
119 266 328 497 100 289 


AND 


$446 304 $272 760 100 
310 458 314 462 100 101 
256 677 367 493 100 143 
193 210 432 225 100 224 


$362 668 $292 100 


195 584 335 987 100 172 

225 565 363 100 138 

313 183 348 856 100 


CENTRAL. 


$348 974 $146 979 100 
172 029 229 636 100 133 
161 577 240 102 100 148 
159 335 198 527 100 125 
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The records the several lines here tabulated, although widely 
separated, disclose the same general tendency regards the cost 
tie and rail renewals. The range inquiry necessarily limited 
the past years, for not until the late seventies and early 
eighties were tie renewals treated distinct account; they were pre- 
viously included the cost maintenance roadway and track. 

will noticed that with remarkable degree uniformity the 
cost rail renewals the seventies largely exceeded the cost ties. 
The accounts nearly balanced about the year 1884, since which time 
the decreasing cost the one and the constantly increasing outlay for 
the other has made the expense tie renewals amount more than 
double the cost rail renewals. 

The author has drawn this paraliel between tie and rail renewals 
because the same objections were urged against the substitution steel 
rails for iron are now brought forward against methods which prom- 
ise ultimate saving tie renewals. 1872 the cost steel rails was 
about $120 per ton, while iron rails could purchased for about $70 
per ton, difference nearly $5,000 per mile track laid with 
rails. But these figures not adequately show the great 
difference which was then supposed exist between the rails the 
two metals, for while the iron rails removed could sold for approxi- 
mately $35 per ton, the scrap steel rails were accorded commercial 
value whatever, and was not until later that they found market. 
Thus the figures that day showed net cost for steel rails $120 
per ton compared with net cost for iron rails $35 per ton. 
That this argument was ultimately outweighed fact record, and 
with what beneficent results matter general knowledge and 
consent. 

the light such facts not strange that many lines where 
requisition for few kegs spikes passed through several hands for 
scrutiny and approval, orders for several hundred thousand ties are 
accepted and approved sight; and means infrequent that, 
while the estimate for rails for repairs measurably reduced cut 
two, the estimate for ties sometimes increased general prin- 
ciples, deference the long-sustained impression cheap 
ties, which took root early day and continues still flourish. 


certainly marvel the keen struggle for survival which 


relentless rate wars have been waged, grades reduced, motive power 
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made heavier, the ratio paying dead loads increased, and the. 
speed trains accelerated, that little attention has been paid 
questions involving improved methods looking reduction the 
cost tie renewals. logical sequence comparative inatten- 
tion, tie expenses are constantly augmenting, while the deteriora- 
tion track due the softening ties from incipient decay, and to. 
the more frequent changing the ties, much the expense section 
labor which expended our tracks can charged. 

Without any doubt, marked saving could derived preventing 
the premature removal comparatively sound ties from the track. 
The section foreman can give adequate reason for such removals, 
and when his attention called them finds refuge manifold 
excuses prevarication. During the past few years this premature 
removal has received the earnest attention the Chief Engineer’s 
Department the Michigan Central Railway, and the tabulated fig- 
ures for that line which appear page 646 show that policy have 
wrought gratifying reduction the cost tie renewals. 

There but little doubt that upon our railways general very 
considerable amount money could saved the introduction 
systematized checks upon the section men prevent such premature 
removal, and the institution well-devised plans for preparing 
careful estimates for each succeeding season’s wants. 

The increasing cost tie renewals the result several causes, 
the most important which can summarized follows, viz.: the 
gradual increase price timber, exhaustion neighboring sources 
supply, and increase distance hauled; the marketing the best 
timber that the poorer qualities are cut for ties; the greater tendency 
cut under rail flanges, because increased wheel pressure and 
growing additional spike killing due regauging and kindred 
causes. means the least cause shortened life, however, 
lowering standard inspection designed minimize the price per tie. 

The author has often seen undersized ties accepted inspectors 
the ground that the young timber was tough, fibrous and better 
fitted resist decay. After use track for couple years the 
sap wood such ties rots, and their size becomes reduced that, 


unless vigilantly watched, the section men remove them without refer- 


ence their soundness; hence, the purchase such ties generally 
attended with loss. 
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attempt has been made analyze the figures here presented, 
the detailed facts essential perfect understanding them are not 
found the general statements which the author has had 
access. His purpose call attention to, and emphasize, condi- 
tion which believed has not yet been fully appreciated. this pur- 
pose serves stimulate investigation, provoke discussion, and 
induce interchange yiews, the tie question ultimately receive 
measure the attention which its magnitude deserves. There 
little doubt that when its commercial importance once felt, our 
maintenance-of-way engineers will encouraged make such outlay 
the introduction proper methods and measures may require, 
which the next few years will lead declining instead 
increasing annual cost Railway Tie Renewals. 


DISCUSSION. 


Menves Pres. Am. E.—This important subject 
wear and renewal ties one which great deal might said, and 
that have some our maintenance-of-way men who can 
take up. 

own experience that line leads deem one the most 
important the sources wear upon the railways present. 

The author lays stress upon taking out all ties before they are 
thoroughly worn out. 

former days, when the rails were iron, was thought cheaper 
when rails were renewed use new ties throughout rather than 
expend labor ties partly worn out. This left the old ties with 
somewhat uncertain merchantable value the estimation people 
along the line the road, who used them fence posts and whom 
they were occasionally sold. 

was difficult, however, always make sure that ties used 
were properly acquired, and that the pressure demand had not, per- 
haps, stimulated the supply, that soon became necessary pro- 
hibit such expropriation railroad property, and thereafter all old 
half-worn ties when longer available for railroad use were 
required piled and burned. 

The cost tie renewals now forms large item railway 
maintenance that the subject well worthy the closest considera- 
tion, and while the various experiments with metallic cross-ties have 
not thus far resulted developing any marked success, have little 


doubt that this direction the solution the problem will soon 
found. 
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Am. Soc. E.—Mr. Reece submits figures 
which show that the cost tie renewals compared with the cost 
rail renewals has increased remarkable extent during the past ten 
years, but does not demonstrate that the actual cost per mile 
track tie renewals has increased anything like the same ratio. 

His tables show the increasing annual cost tie renewals differ- 
ent railway systems for successive years, but not show the increas- 
ing track mileage the same systems. evident the track 
mileage increases, the requirements ties will also increase. 

The cost per ton exchanging old rails for new rails has decreased 
since 1880, shown the following table taken from the books the 
ille and Nashville Railroad 


Year, | Average price per ton charged | Average price per ton allowed | Net cost per 

| tor new steel. tor scrap rail. ton. 

1880......++) $69 24 $25 45 $43 79 
1881........ 62 77 | 27 35 75 
1882....-.06) 61 98 26 36 35 62 
39 10 19 12 19 98 
1886......+.| 32 92 19 09 13 83 
1887. 33 00 | 19 12 13 88 
1888.....06- 37 01 18 46 18 55 
1889. 31 60 17 14 14 46 
1890.....+6- 35 22 20 61 14 61 


| 


The number tons new rail required for renewals has also steadily 
decreased during the past years, due the fact that light 
steel rails are being heavier steel rails which have much 
longer life. would therefore seem that the results cbtained Mr. 
Reece are, say the least them, misleading, when considering the 
increased cost railway tie renewals.” 

Let see what the average cost per mile tie renewals during the 
past ten yearshas been. following figures from the published 
annual reports the Louisville and Nashville Railroad Company. 


1882-83. 1883-84. 1884-85. 


Cost of renewing ties on entire line.......| $319 666 58 - 281 17| $338 236 47| $33 901 30 
Length of main track and sidings.. «| 2334.40 2 338.44 2 348.75 2 310.16 
Cust per mile. ....0-seceecceecceees $136 93 $128 83 $144 07 $135 88 


1886-87, 1887-88, 1888-89, 1890-91. 


Cost renewing ties 
line. $409 537 $465 197 $441 $404 560 $462 432 

Length main track 

Cost per RUDE cncnnkkcdsbual $175 04 $161 25 $146 79 $132 74 $127 91 


| ! | 
| | | 
| | | | 
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Now, compare these results (which show the cost tie renewals 
per mile less 1890-91 than any previous year back far 
1882-3) with Mr. Reece’s figures for the same road, which show the 
ratio the cost ties compared with the cost rails increasing 
from .47 1881-84 2.16 1890-91. 

may urged that the reason the increased cost tie renewals 
per mile has not been more marked due the fact that number 
branch roads have been constructed during the past ten years 
which the ties have yet needed extensive renewal, and this, 
certain extent, true. If, however, consider only that part the 
old main line, from Cincinnati New Orleans, St. Louis Nashville 
and the Memphis Line, obtain the following 


| 1882-83. 1883-84, 1884-85. 1885-86. 


Cost of renewing ties .........+..eee0-+++| $236 185 58) $233 413 25| $268 450 53| $242 523 35 
Length of main track and sidings......... | 1 766.53 1771.67 | 1782.03 1 787.92 


Cost per Mile .......ceececececesosesecsecs | $133 70) $131 75 $150 64) $135 64 


1887-88. 1888-89. 1889-90. 1890-91. 


Cost of renewing ties........| $317 505 67 $325 844 56) $311 756 18 $280 494 30) $261 956 42 
Length of main track and 
sidings........... eccccccece] 1601.31 1 819.04 1826.33 | 1839.61 1 903.77 
Oost Por talle..coseccccccess $170 71 $179 13 $170 70 $152 47 $137 59 


will seen that the result does not differ materially from that 
obtained taking the entire line existed each year. 

cursory perusal Mr. Reece’s paper would lead the conclusion 
that the importance the tie question unappreciated the majority 
railroad managers ‘‘to extent sufficient induce intelligent and 
well-considered action,” and that, with the exception those the 
Michigan Central, during the past few years there has been sad want 
knowledge the part railroad officials this important subject 
tie renewals, have never been accorded the attention they 
deserve, and the practical consideration the questions involved have, 
large measure, been denied the engineer, whose recommendations 
have been neglected rejected.” 

advocating the adoption railroads the tie plate which Mr. 
Reece represents, doubtless has exceptional opportunities ob- 
taining the views railroad engineers all over the country, and there- 
fore when says, the several conversations which suggested this 
line inquiry, the author found that while the growing importance 
the increasing cost tie renewals was vaguely recognized, yet but 
few realized its magnitude, were aware the high cost tie 
compared with rail renewals,” his statements are worthy due con- 
sideration. 
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There can opinion the importance systematic 
and careful checks upon the section men, prevent, far possible, 
the premature removal ties, and also well-devised 
plans for preparing careful estimates for each succeeding season’s 
wants,” but somewhat startling informed Mr. Reece that 
our railways general very considerable amount money 
could saved the introduction such checks and estimates, and 
that only within the past few years that the Chief Engineer’s Depart- 
ment the Michigan Central has given its earnest attention the 
premature removal ties and thereby gratifying reduc- 
tion the cost tie renewals.”’ 

the Louisville and Nashville Railroad has been customary 
during the past years, prepare estimates ‘or the first July; 
these estimates show the number ties required each division 
the system, and are made from actual count ties the track that 
should properly come out during the months following the date 
the estimate. The count made the section foremen, checked and 
certified the respective supervisors and road-masters, approved 
the superintendents after investigation, and forwarded them 
the chief engineer, who supposed have general knowledge 
the condition ties the entire line. 

the requisitions differ widely from what expected, they are 
returned for further investigation and revision necessary. Finally, 
they are forwarded the general manager for authority contract 
for the ties needed. These reports and requisitions are accompanied 
statement showing the average number ties per mile used 
each division during the years previous, and where the number 
called for the requisitions appears excessive compared with this 
average, explanation made. The reports and requisitions are care- 
fully scrutinized the General Manager and President before they 
are finally approved. 

Until read Mr. Reece’s paper had idea that the officers 
other systems railroads that are considered properly managed 
prove orders for several hundred thousand ties sight, and cut 
two the engineer’s estimate for rails for Nor have ever 
known case where estimate for ties was increased general 
principles.” 

Mr. Reece states that ‘‘no attempt has been made analyze the 
figures presented, the detailed facts essential perfect under- 
standing them are not found the general statements which 
the author has had access.” This, doubtless, some extent, accounts 
for the conclusions drawn. 

discussing this paper have confined myself the Louisville 
and Nashville Railroad exclusively, for the reason that the necessary 
records are within reach. quite probable investigation 
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the records many the other roads which Mr. Reece refers would 
show similar results, viz., that the average annual cost per mile 
track for renewing cross-ties during the past years has not increased 
extraordinary extent. 

Am. Soc. E.—This line inquiry was 
originally suggested conversation with prominent railway 
manager, which ventured the remark that the cost tie renewals had 
become fully equal to, not larger than, the expense rail renewals. 

The correctness the statement being questioned, roughly 
figured the relative cost ties the rail, for the line question, and 
found that the cost tie renewals was largely excess the ex- 
penditures for rails. free confess that the greater relative cost 
for ties was surprise me, and continued the investigation, 
embrace lines widely separated geographical position and 
climate, and under varying conditions 

The investigation, condensed figures which appeared the 
original paper, conclusively proved that the annual expenditures for 
ties had become more than double the charges made for rails, and that 
this ratio very generally prevailed the several lines examined, 
although variously situated and conditioned. 

the many railway officials asked, may say hundreds, only one 
replied that the cost the ties must nearly equal that the rails. 
every other instance the cost rails for repairs was declared 
excess that for ties. was for this reason that collated the 
figures which were tabulated the original paper, believing they 
would direct attention the growing importance the tie question, 
and stimulate more earnest efforts the direction greater econo- 
mies that important branch maintenance. the original pre- 
sentation, contented myself with bare statement facts and 
studiously avoided any attempt draw just conclusions from data, 
too general character for any satisfactory analysis. Nevertheless, 
figures given Mr. Montfort, for the and Nashville Rail- 
way, carefully considered, serve emphasize the logical inference 
the original paper, viz., that the decreasing cost rail and the in- 
creasing cost tie renewals, are, great measure, the logical result 
the greater attention accorded rail than tie renewals. 

Briefly summarized, the points Mr. Montfort’s criticism are found 
the tables showing the decreasing cost rails per ton, and the low 
rate increase the cost per mile for tie renewals, together with 
averment that well-managed lines the estimates ties needed for 
renewals are closely scrutinized. 

For the convenience analysis, will discuss the second objection 
first and will endeavor make plain why made direct comparison 
between the rail and tie accounts, without reference the annual 
charges for each based mileage. 
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examining the records different lines the mileage proved 
very varying the mileage but few lines remained 
stationary. Some entirely disappeared consolidation; others 
showed decreased mileage because reorganizations and the break- 
ing dividing systems consequence, while the greater number 
lines showed largely increased mileage, due the absorption 
other lines and new construction. have followed the history 
each line and collect the necessary data bearing upon the same 
would have involved enormous mass detail and information 
beyond the reach the writer; but since ties and rails, mile for mile, 
are part one and the same track, subject the same conditions 
service, receiving the same degree attention repairs, there 
constant and logical connection between the cost rail and tie 
renewals, for any given line, whether new track old with 
increasing decreasing mileage. But even then, order get 
approximate results, found necessary group years, for the rail 
renewals many lines are subject marked fluctuations, depending 
largely upon the financial condition the line question. The 
same, less degree, true ties, favorable unfavorable season 
for the getting out ties not infrequently governing the number 
delivered and available for use, even lines possessed ample 
means. 

Now, evident that, attempting arrive the cost per mile 
for tie renewals, the newly constructed mileage the year, even 
four five years previous, should excluded the computation. 
Taking five years the minimum life the ties the lines the 
Louisville and Nashville, goes without saying that renewals would 
required only for-those lines which had been built for period 
five years over, and that the cost tie renewals would aggregate 
more less, wliether the new mileage aggregated more 
than the original mileage five years previous. 

Now, examine the figures given for the Louisville and Nash- 
ville, and test them this rule, find that from miles 
1885-86 the mileage that line was increased 3615 miles 
1890-91. this increase represents newly constructed lines, and 
much certainly does, stands reason that the renewals for 
1890-91 should judged the mileage which event 
the cost tie renewals per mile would exceed $200 instead only 
$128, shown. The same holds true, less degree, the old 
main line the Louisville and Nashville system, shown the 
table. also fair presumption that the opening much 
uncut timber territory, with new branch lines, that the more favorable 
conditions were seized upon haul the main lines the cheaper ties, 
purchased from the abundant timber lands the branches, which 
once suggests most important factor considered any just 
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analysis this question, and which would readily account for the 
marked and sudden decrease the cost ties the Louisville and 
Nashville main line which from the table appears have taken place 
between 1888-89 and 1890-91. These effects, however, are short lived, 
and, when periods three four years are grouped together, are 
hardly appreciable. 

Having established that the relative expenditures for tie and rail 
renewals afford fair and logical basis for comparison, are met with 
the criticism that while the prices rails have been constantly re- 
duced, the cost ties must necessarily tend advance. such 
granted, the purpose the original paper amply vindicated, for 
surely watchfulness and attention cannot better directed than 
those expenses which, the very nature things, must tend in- 
while those which, because commercial reasons, show 
constant diminution can more reasonably left themselves. 

The table prepared Mr. Montfort shows the very remarkable 
decline the net cost steel rails during the past years, and 
had the table extended back years the showing would still more 
more striking. not pertinent inquire how these results have 
been attained During the early introduction steel rails, they cost 
twice the price iron and gave promise any value scrap. 
After railway managers once leaped over the barriers first cost, 
demand for steel rails was established, which led manufacturers the 
discovery and employment new processes, and the introduction 
mechanical appliances, which have uitimately reduced the cost steel 
rail the low figures shown the table. 

the early days their application, the cutting steel rail 
constituted offense hardly short sacrilege and was summarily 
punished. During that same period, while cross-ties were furnished 
without stint and their removal largely left trackmen, steel rails, 
branded and dated, were laid defined locations, which, with the date 
laying, was noted and shown the rail charts the road. When 
rail was removed from the track for cause, special report the same 
was made and filed. gave the brand and date rail, loca- 
tion track, time and character service, together with the cause 
and description failure, detail. This was not infrequently fol- 
lowed critical examination and chemical analysis, for more 
accurate determination the cause failure; and from that day 
this, the mechanical structure and chemical composition our rails 
have received never-wearying attention, which has led constant 
scientific research. any wonder that the tremendous mental 
energy and nerve force expended the development and betterment 
our rails should find their recompense the diminished cost 
rail renewals? 


the same practical and scientific methods had been made apply 
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the question tie renewals, there would less reason declare 

the increasing cost tie renewals founded the nature 
things. Such claim, indeed, unwarranted assumption, intended 
excuse the results our own inattention. 

Without elaborating, mention may made the possibilities 
which the chemical treatment the cheap, short-lived woods present 
for reducing the cost tie renewals, well the cheap and long- 
lived soft woods, which the use tie wear plates render fit for 
service under the heaviest traffic, while the frequent regauging the 
track, destructive ties, can measurably avoided the use 
approved appliances. true that the mechanical and chemical 
protection our ties may add their first cost, but surmount 
that barrier, the case steel rails, means ultimate and growing 
reductions expenses; whereas, turned aside such considera- 
tions means that the increasing cost tie renewals will necessarily 
continue. 

the averment that well-managed lines the estimates sec- 
tion men for ties are closely scrutinized, and are subject criticism 
and amendment many officials, perfect agreement with Mr. 
Montfort, and recognize the care which generally shown; but, unfor- 
tunately, this scrutiny the estimates for ties put 
entirely different affair from watching the ties that are actually taken 
out. 

During connection with the Lake Shore Michigan South- 
ern lines, estimates for ties between mile posts were required, and 
the number put during the year was charged against each mile, 
that perpetual and detailed record was always hand. But, 
handcar rides, discovered that the care and scrutiny exer- 
cised the examination the estimates made the fall did not 
prevent the premature removal ties the section men during the 
following spring and summer when the ties were being changed. 
was consideration these observations that 1879 orders were 
issued that the old ties piled the right way, remain there 
until orders were given move burn the same. During the sum- 
mer made trips over the entire line and examined every pile 
ties detail. found hundreds ties, the removal which the 
foreman could give adequate reason excuse for. Among 200 
track foremen there will more less difference judgment 
what ties should and should not removed, and during the trip 
endeavored make the judgment each foreman conform with 
owa, well gave warning those lacking interest and wanting 
conscientiousness. 

These trips were continued for three seasons and resulted 
reduction over per year for ties, say nothing the 
saving involved the labor, which was formerly engaged pre- 
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maturely removing about 000 ties annually. Nor was this all, for 
the average condition the track was also improved, the prodigal 
use ties the early part the season left deficiency for the 
renewals actually required the last mile many track sec- 
tions; and unless additional ties could obtained, those portions 
each section were inadequately tied and far below the theoretical con- 
dition called for. the present day the effect this training 
observed among the men the Lake Shore and Michigan Southern, 
and, some them, its influence has been extended other 
was the adoption later similar plan which led the gratifying 
results the Michigan Central, which mention was made the 
original paper, notwithstanding that for years, far the scrutiny 
estimates was concerned, that line had left nothing desired. 

the treatment our rails, where the reduction expenses has 
been very marked, have directed attention and inquiry the rails 
which were removed for cause; whereas, with ties, have too often 
contented ourselves with examination and analysis the estimates 
ties used. judge correctly the condition ties from the 
rear end moving train impossibility, and yet detailed ex- 
aminations the engineer are often prevented the press other 
urgent duties which cannot 

Upon the Allegheny Valley Railroad the ties are stamped upon the 
ends, the different numerals indicating the year which the ties were 
laid as, for illustration, the ties laid 1892 are marked those 
1891 are marked and those 1890 are marked 

Thus, the length service any tie can easily determined, the 
general appearance the tie being sufficient indicate whether tie 
marked has seen two twelve years’ service. This very nearly re- 
sembles the methods which have prevailed the laying steel, giving 
such marked results, and for which further improvement yet sought. 
The advantages and possibilities for good which this method affords 
are manifold and far reaching. 

know tough, sound oak ties being removed from the tracks 
the Chicago yards after but two years’ service and upwards, when the 
same ties should good for eight years more. How long would 
such waste continue was made matter record that ties were 
thus removed because being cut the rail Would not 
demand made that the proper remedies applied 

many lines heavy traffic, ties are removed for the same cause, 
from four years and upwards, when least twice those years 
service should secured. Again, large numbers otherwise sound 
ties are removed because having been ruined the frequent spiking 
necessitated regauging. Such failures should also recorded and 
cure provided. 

With the chemical treatment ties, there but little doubt that 
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railway managers manifested much earnestness securing the 
same economy tie renewals they have with rails, that re- 
cognized demand would stimulate inventors the introduction 
new and cheap processes, which would speedily tend reduce the 
tirst cost ties well conserve the ultimate economies looked 
for. would not necessary report every tie the case 
rails, but surely the engineer manager should have access availa- 
ble data, giving the life his ties under the most favorable condi- 
tions, together with the number and age ties prematurely removed, 
with the cause such removal, that measures might taken 
stop the leak. 

the direction track work, early learned that with ties, 
with rails, improvement could better attained and waste better pre- 
vented watching the ties left and examining the ties removed 
from the track than confining one’s attention the estimates, 
which sometimes does not directly reach the true source the evil. 
chances for observation during the past three years have been 
the very best and have convinced me, more and more, that systema- 
tized methods applied the question tie renewals would fol- 
lowed marked reductions expenditures. Many our trunk 
lines could well afford employ inspectors for their lines over- 
haul the piles ties removed, and correct the trackmen’s judg- 
ment the matter timely renewals, which both parsimonious 
and profligate use could rebuked. this manner uniformity 
practice would introduced and more securely tied road, less 
cost, attained. 

When watch the removal our ties closely have 
watched the removal our rails, the cost tie renewals will not con- 
tinue double that rail, for will bestir ourselves the in- 
troduction new methods and appliances intended extend their 
time usefulness, and will longer rest contentedly upon the 
assumption that the increasing cost tie renewals 
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The Shone hydro-pneumatic system sewerage was invented 
Mr. Isaac Shone, Civil Engineer, Westminster, England, 1878, and 
the first works this system were executed the year 1880, East- 
bourne, England. Since that date works upon the Shone system have 
been carried out the United States, Europe, India and South 
America, involving expenditure several millions dollars; which 
fact may taken prima facie evidence the soundness the prin- 
ciples upon which based, and the durability and reliability the 
mechanical details the apparatus employed. 

Wherever natural gravitation can employed give reasonably 
perfect system sewerage, unquestionably the proper means 
adopt; but not unfrequently upon the score economy, this natural 


force stretched such limits that imperfect and unsanitary 
method discharging the liquid wastes city the result. 


* Discussions on this paper received before February 15th, 1893, will be published in a 
subsequent 
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The Shone system applicable wherever the sewage city, dis- 
trict building has, for any cause, raised mechanical means, 
and may applied successfully any the following cases: 

(1) Where there natural outlet. 

(2) Where the natural surface the ground level that 
impracticable construct self-cleansing sewers grades above the 
natural outlet. 

(3) Where sewers, laid self-cleansing grades, and proportioned 
the normal volume flowing through them, would have laid 
such depths prohibitive point cost. 

(4) undulating districts containing several natural drainage 
areas, where deep and expensive cuttings tunnels would neces- 
sary natural gravitation was employed. 

(5) low-lying basins flat districts from which not prac- 
ticable convey the sewage the main gravitation system employed. 

(6) asylums, barracks and large buildings, from which the liquid 
wastes cannot discharged gravitation. 

(7) For discharging sewage sludge. 

The Shone system may briefly described one which the 
motive power, viz., compressed air, generated one central power 
plant and distributed numerous pumping stations. station 
the outfall the district tributary it. The sewage from the various 
stations isautomatically discharged into one common discharge leading 
one common outlet. 

the use this system the first step divide the territory under 
consideration into many drainage areas desirable; the extent and 
boundaries each being determined, either the contour the 
ground, density population other causes. The drainage areas 
being defined, the lowest point each located; the case ab- 
solutely level ground, the central most convenient point deter- 
mined. Here, what Ejector Station,” all the sewers 
the district are centered; these can the exact size accom- 
modate the maximum population the district, and laid such 
grades carry the sewage the ejector station rapidly 
discharged from the houses and before decomposition the 
ejector station, pneumatic ejector (described hereafter) placed. 
fast the sewage flows into and fills the ejector, compressed air 
automatically admitted, forcing the sewage into sealed iron main 
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through which conveyed rapidly under pressure the outfall 
into high level gravitation sewer. 

The ejector chamber manhole-like chamber, built beneath 
the surface the street elsewhere, having ordinary manhole 
cover top. 

The division city into separate areas for the purpose sewer- 
age, was first mooted far back the time when the best method 
sewering London was under discussion. Sir Edwin Chadwick then 
advocated the dividing the whole site into natural drainage areas, 
and the employment independent pumping station each 
division. rested, however, with Mr. Shone devise the means 
carrying out this idea practical and economical manner. 

The advantages dividing city into sewerage districts are many, 
among which the following may mentioned 

Self-cleansing sewers from houses outfall, with sewer pipes 
small diameter. 

The severance each district from the rest the drainage area, 
that the event epidemic disease breaking out one dis- 
trict, cannot conveyed the sewers into healthy districts. 

The amount water required for flushing and the volume air 
required for ventilation, are, reason the small diameter the 
sewers and the comparatively short lengths tributary outfall, 
reduced minimum. 

The avoidance deep cuttings. 

The ready extension the system necessity demands. 

these advantages could only obtained separate and inde- 
pendent pumping stations, each with its own staff attendants, the 
annual maintenance charges would prohibitive but the Shone 
system, already described, any number stations can worked 
from one central power plant. 

connection with the division city into districts for the pur- 
pose applying the Shone system, should stated that the con- 
sumption compressed air would not appreciably increased 
reason multiplying the number of.divisions. From one compressing 
station number ejector stations can, most cases, supplied 
more economically (in fuel cost) than the whole the sewage were 
brought one spot and thence raised the same outfall; because 
considerable amount the sewage would intercepted higher points, 
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and thus effect saving the work done. apply ordinary 
steam sewage pump would necessary allow the whole the 
sewage gravitate the lowest point, that any advantage the 
duty the engine itself would more than counterbalanced the 
increased work has do, through large proportion the sewage 
having run down merely pumped again. 

The accompanying figure sectional view Shone Pneumatic 
Ejector ordinary construction. The action the apparatus 
follows 


| 


The sewage gravitates from the sewers through the inlet pipe into 
the ejector and gradually rises therein until reaches the under side 
the bell The air atmospheric pressure inside this bell then 
enclosed and the sewage continuing rise around it, its buoyancy 
sufficient lift with the spindle, and open the compressed 
air admission valve The compressed air thus automatically admit- 
ted into the ejector presses the surface the sewage, driving 
the whole the contents before through the bell-mouthed open- 
ing the bottom, and through the outlet pipe into the iron sewage 
discharge pipe, high level gravitation sewer, the case may be. 
The sewage can only escape from the ejector the outlet pipe, the 
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instant the air pressure admitted upon the surface the sewage the 
valve the inlet pipe falls its seat and prevents the fluid escap- 
ing that direction. 

The sewage passes out the ejector until its level falls such 
point that the weight the sewage retained the cup which 
longer supported, sufficient pull down the bell and spindle, 
thereby reversing the compressed air admission valve, which first cuts 
off the supply compressed air the ejector, and then allows the air 
within the ejector exhaust down atmospheric pressure. The out- 
let valve then falls its seat retaining the liquid the sewage dis- 
charge main; and the sewage flows through the inlet once more, and 
the action goes long there sewage flow. 

The position the cup and bell adjusted that the compressed 
air not admitted the ejector until full sewage, and the air 
not allowed exhaust until the ejector emptied down the dis- 
charge thus the ejector discharges specific quantity each time 
operates. 

The advantages this apparatus may summed follows: 

(1) The working parts are reduced minimum, and these are 
kind not likely get out order. 

(2) The parts into which the sewage enters contain finished sur- 
faces, such are unavoidable pumps and are rapidly destroyed 
the action the sewage sludge and grit from road detritus, ete. 
the ejector there nothing but the hard skin the castings, coated 
with composition upon which the sewage can produce detri- 
mental effect. 

(3) The friction pump piston and other working parts 
avoided; the compressed air itself, acting directly upon the fluid with- 
out the intervention any machinery, forms almost absolutely fric- 
tionless and perfect air piston, past which there can slip leakage 
whatever. 

(4) The finished parts are those connection with the small 
automatic air valve, which makes only one movement ins. for 
each discharge the ejector from 1000 galls. (according the 
size the ejector), and they are contact with the compressed air 
only, and out the reach the sewage. 


(5) The sewage inlet and outlet valves are arranged give 
passage-way the full area the pipe, allowing free passage all 
the solids that the sewer itself can carry. 
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(6) The outlet from the bottom the ejector, that the 
the sewage, including solids, sludge, grit, and everything brought 
down the sewer, discharged out the ejector. 

case with pumps, and the nuisance caused the cleaning the 
pump gratings and sump wells avoided. 

(8) The sudden rush the whole contents the ejector, 
discharge into gravitation sewer, forms most effective flush. 

(9) The ejector forms absolute severance the house drains 
each district from the main sewer, and automatically works either 
slowly rapidly according the flow sewage. 

The Shone system has been applied with advantage sewerage 
works upon the but, the author’s opinion, 
greater benefit can obtained when applied connection with 
the separate system,” many cases, owing the flatness sur- 
face grades, impossible upon the gravitation system obtain 
the fall necessary for small pipe sewers without carrying them down 
excessive and prohibitive depths. The primary essential good 
system sewers that they should laid grades which will 

self-cleansing when the normal sewage passing through them, 
and the raison d’étre the Shone system admit this being 
obtained permissible cost regardless natural adverse conditions. 

Some engineers who have not understood the Shone system have 
treated was competitor the steam pump the lifting 
sewage, and have decried compressed air wasteful method. The 
primary object the system get high degree sanitary 
efficiency connection with the every-day working house-drains and 
sewers possible, and, accomplishes this, the question the 
relative efficiency steam pumps and ejectors secondary import- 
ance. 

With regard the compressed air employed 
ejectors, Professor William Unwin, Inst. E., made some tests 
the ejectors now use Lowestoft, England, with the result 
that upon 25.26 ft. the percentage useful work obtained, after 
allowing for all losses, was 48.9 per cent. This plant small one and 
was not specially prepared for testing. Owing the nature sewage, 
such high efficiency cannot obtained from pumps lifting sewage 
from those lifting clean water. the opinion that the 
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above efficiency will compare favorably with any steam sewage pump 
automatically lifting the same quantity rough unscreened sewage 
similar height. 

connection with compressed air (the motive power used 
the Shone system), the author would point out that very marked im- 
provements have been made recent years air-compressing ma- 
chinery, whereby the losses due compression are considerably 
reduced. means transmitting power long distances, com- 
pressed air largely use. the pipes are properly proportioned, 
the losses due friction the passage air through them are trifling. 
the use pipes moderate diameter the velocity the air can 
adjusted that the loss friction transmission only 
the absolute initial pressure per 000 ft. pipe. Broadly speaking, 
more economical produce air low than high pressure, and 
isnot necessary upon the Shone system use high pressures. 
important loss the use compressed air, generally applied, 
the frictional and clearance losses the executive machine. These 
are infinitesimal the ejector, there are solid pistons, cylinders, 
and their connections, the body the ejector being the cylinder, and 
the air itself the piston. 

Recently Professor Unwin, writing upon the subjects power 
transmission compressed air and water, made the following state- 
ments 


Shone has adopted compressed air for distributing power, and 
there are good reasons for the choice. Compressed air has long been 
used for transmitting power for intermittent work mining, and 
recently for distributing power towns. All the details air 
transmission are simple, and the mechanism well understood. For 
hydraulic transmission excessive pressure must used fact, 
usually the pressure hydraulic transmission per sq. in. 
But with air, more power can transmitted through 6-in. main 
with air pressure than with 750 water pressure. This 
because with air velocity times greater than that permitted 
with water can allowed without incurring any practically appre- 
ciable loss friction transmission. With air the quantity used 
adjusts itself the work done, consequence the expansion 
the air. But with water the quantity used depends only the size 
the motor-cylinder and always the same whether the resistance 
great little. From the low pressure which air can used, 
extremely simple form pumping arrangement can adopted, 
with small and simple working parts, little liable get out order 
and requiring very little attention repair.” 


The Shone system practical operation for the sewerage, either 
wholly partially, towns England; Rangoon, Burma; 
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Campos and Rio Janeiro, Brazil. 


has also been applied for the 
drainage the public slaughter-houses Moscow, Russia, and for 
the Houses Parliament and other large buildings London. 
description most these works has appeared engineering 
journals and elsewhere, the author will confine himself what has 
been done this system the United States. 

Many large buildings cities, such hotels, office buildings, 
require, for economical well other reasons, have basements 
which boilers, pumps, electrical and other machinery, well sani- 
tary fixtures, may placed and frequently occurs cities which 
the public sewers are shallow, that becomes necessary, order 
obtain sufficient headroom the basement, construct the floor 
about the same level as, below, that the street sewer. 
vital importance remove all liquid wastes expeditiously, sanitarily, 
and reliable manner from the building the street sewer. 

The Shone ejector has been found serve this purpose effectually. 
chamber underneath the floor the basement, small ejector 
placed such level that all the basement sewers and drains the 
building may have good fall it; these sewers and drains deliver 
sewage, drips from engines, washings from boilers, and ground water 
the ejector, from which, when full, the contents are discharged into 
the street sewer. 

work the ejector, small vertical direct acting compressor 
employed, which bolted wall convenient place the engine- 
room the building, and the compressed air conveyed the 
ejector through wrought-iron pipe small diameter. When steam 
The compressor delivers air into receiver, and when the required 
pressure attained (usually about lbs.) the compressor stops, 
automatically starting again when the pressure air reduced 
the receiver, reason the discharge the ejector. 

The ejector not only discharges the liquid wastes from the building 
rapidly created, but forms absolute barrier against reverse 
flow sewage sewer gas from the street sewer. preferable 
place these ejectors duplicate, one for constant service and one 
reserve. The author has, however, knowledge single ejector which 
has worked continuously day and night building Chicago for 
two and one-half years without stoppage for any cause. For 
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the above-described purpose there are Shone ejector plants now 
operation this country, the majority them being Chicago. 

Rogers Park, small town situated Lake Michigan, 
immediatly north the City Chicago and covering area 
about 1100 acres, example how the Shone system can 
employed conjunction with natural gravitation system sewers. 
The eastern section the village adjacent the lake from the north- 
ern the southern limits practically flat, the general elevation 
the ground being only ft. above the average level the water Lake 
Michigan. The western section the village rises from east west, 
the western limit the village having elevation ft. above the 
lake. the water supply taken from the lake was decided that 
there should only one outlet for the sewage. 

Three projects for the sewerage this village were proposed 
different engineers. 

The first was gravitation plan upon the combined system, and 
was rejected because the inverts the sewers the eastern flat 
section the village would have been, even with poor grades avail- 
able, below the level water the lake. The difficulty devising 
efficient system gravitation sewers area 1.5 miles length 
mile width, where the elevation the ground only from 
ft. above the average level the lake (which frequently rises 
ft. higher), when one outlet made sine qua non, manifest. The 
second project was one which the sewage the whole village was 
pumped; this project was rejected being unnecessary. 

this time the village trustees instructed the author prepare 
the project which was carried out and has been operation since 
August last. Its main features are that the combined gravitation plan 
employed the western section the village, where good grades 
can obtained; the collecting sewers are the foot the slope and 
unite into one main which passes through the flat eastern district 
about midway between the northern and southern limits and discharges 
into Lake Michigan level ins. below the average level the 
lake. the flat districts north and south the main sewer, the 
Shone system employed and the sewage lifted into the main gravi- 
tation sewer, while the surface water conveyed the lake 
system shallow sewers. 


Only about one-half the village requires sewers present. There 


4 
q 
q 
q 
q 
q 
4 
q 
4 
4 
q 
J 


668 BROUGHTON SHONE HYDRO-PNEUMATIC SYSTEM. 


have been constructed 9.6 miles sewers the combined system, 3.7 


miles the Shone system, and 3.7 miles storm water drains, 
cost $165 100. The combined gravitation sewers and the storm 
water drains present special features. 

The area embraced the Shone system 214 acres, and this is. 
divided into three sections embracing respectively 50, and 
The subsoil generally sand and gravel, and ground water stands 
permanently about ft. 6ins. fromthe surface. Sheet piling was neces- 
sary throughout, and steam pumping had kept day and night 
during construction. 

The sewers commence their summits level ft. below 
grade, and the ejector stations are ft. deep. For economical as. 
well sanitary reasons was necessary that they should water- 
tight, and with this object view the pipe sewers, which are all ins. 
diameter, were made 3-ft. lengths, with special sockets ins. 
depth, and such diameter leave annular space half 
inch around the spigot end the adjoining pipe. 

The joints were made first caulking hempen gasket back into 
the joint around the whole pipe, then ins. depth the joint was 
filled with Portland cement mortar, and rammed into place with hard 
wood rammer. The joint was then completely filled pressing into 
with the fingers all the mortar would hold. filling was allowed 
until the cement the joints had set and all joints had been examined. 
These conditions were rigidly enforced. was ascertained, careful 
measurement through the ejectors, before any house connections had 
been made, that the maximum amount leakage through 200 ft. 
sewers (which the longest line now built tributary one ejector 
station) was only galls. per minute, and this due seepage through 
the brickwork the manholes. Considering that these sewers have 
head water constantly over them varying from ft. 6ins. their sum- 
mits ft. 6ins. their deepest points, the result considered the 
author satisfactory. All sewers have automatic flush tanks their 
dead ends. The minimum grade employed 250. 

The ejector chambers are water-tight; they are circular, ft. ins. 
diameter, and the floor and walls are constructed cast-iron flanged 
sections, thickness, bolted together. The joints between the sec- 
tions are made with lead pipeinserted flanges. The 
the chambers are constructed steel beams and brick arches covered 
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with asphalt. The entrances the chambers are through manholes 
the roofs. each them are two Shone ejectors capacity 
300 galls. each, one for constant use, the other held reserve. 

The air compressor supplying the power located the Rogers 
Park Water Company’s pumping station, and steam and attendance are 
furnished that company. the type known the Duplex 
Crank and Fly Wheel,” and either half the machine can run 
without connection with the other. The steam cylinders are ins. 
diameter 12-in. stroke; the air cylinders are ins. diameter 12-in. 
stroke, and are double acting and water jacketed. The steam cylin- 
ders are fitted with adjustable cut-off valves. The speed the engine 
regulated automatically means air governor. 

The ejector station most remote from the air compressor 070 ft. 
distant. There are 1.33 miles air pipe, which ordinary light 
weight cast-iron water pipe. The discharge pipes from the ejector 
stations lead three points the main sewer, where the discharge 
300 galls. sewage each point seconds forms very 
effectual means flushing. The cost these 3.7 miles sewers, 
ejector chambers, ejectors, air-compressing machinery, air and sewage 
discharge pipes, was $52 400; but the contract was let for payment 
special assessment warrants the five years’ instalment plan, 
which cannot discounted for less than the cash cost may 
said $47 160. 

also may pointed out that the plant the central station and 
one the ejector stations designed with capacity for 000 ft. 
additional sewer pipes connected later on, when required. 

The City Winona, Minnesota, situated the right bank the 
Mississippi River upon asandy gravel subsoil. The level the ground 
water governed the level the water the river, which certain 
periods rises within few feet the surface the principal busi- 
ness streets the city. impracticable discharge the sewage 
gravitation into the river all periods the year. Owing the con- 
figuration the ground, the cost constructing sewer system for 
the entire city leading one pumping station would have been ex- 
cessive. The arguments which induced the city authorities adopt 
the Shone system were 


First.—The sewerage works could carried out sections re- 
quirements demanded, each section being complete itself. 
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pumping necessary, more satisfactory grades and 
much less costly sewers could obtained having several ejector 
stations than collecting the sewage the whole city one pumping 
station. 

the power can located the water-pumping station owned 
the city, and distributed the ejector stations, the city would saved 
the expense special attendants, the slight attention required 
the air-compressing engines can given the men charge the 
water-pumping engines. 

The portion the city which the sewerage works have been con- 
structed the business section, and covers area about 220 acres. 
Four and half miles sewers have been built, consisting 8-in. pipes, 
with the exception short lengths and 12-in. pipes. 

Absolute tightness sewers has been aimed at. The ground water 
has vertical range ft., and all sewers that lie ft. more below 
the highest level ground water are constructed extra smooth cast- 
iron water pipes laid with lead joints, the others are vitrified stone- 
ware pipes, made 3-ft. lengths with special joints, Rogers Park. 

The minimum grade for the 8-in. sewers 250. Automatic 
tanks are placed all dead ends. These sewers converge 
ejector station, built brickwork underneath the surface the main 
street, which are placed two Shone pneumatic ejectors 
capacity 1,500,000 gallons per hours. The air compressing 
engines—two number—are the same design those Rogers 
Park, and are located the city water-works, about ft. away 
from the ejector station. These engines are run the employees 
charge the city water-works. connection with the ejector 
station, there arrangement valves which the sewage can 
shut off from entering the ejectors, and allowed flow direct 
gravitation the river, during the levels the water which gener- 
ally prevail from six eight months every year. The works which 
were designed by, and executed under the superintendence of, the 
author cost $42 200. 

The largest installation the Shone system this country 
the World’s Columbian Exposition, Chicago. The site Jackson Park, 
lying the shore Lake Michigan, and contains rather more than 
600 acres. The buildings provided for the purposes the Exhibition 
are number, and vary size from acres each; ad- 
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dition there are more buildings smaller size, built in- 
dividual States and Foreign Governments, which bring the total roof 
area about 150 acres. 

daily attendance 150 000, with possible maximum 400 000, 
anticipated. For the accommodation and convenience this multi- 
tude there will provided the Exposition buildings cafés 
public and private dining rooms. There are also these buildings 
toilet rooms and lavatories, containing total water-closets, 
and urinals and wash-basins proportion. addition there are toilet 
rooms with water-closets, the more buildings the 
States and Governments. the site very flat, varying from 
above Lake Michigan, any system collection sewage gravi- 
tation sewers alone would necessitate very light grades; was there- 
fore decided put separate system sewers for the removal 
the sewage proper, and pump the sewage purification works situ- 
ated the southeast corner the grounds. Mr. MacHarg, 
Chief Engineer Water Sewerage and Fire Protection, having had 
practical experience the working the Shone system Chicago, 
recommended its employment for the removal the sewage of, the 
entire 

Over the area the grounds ejector stations are located, 
the majority them underneath the floors the buildings, some un- 
derneath grass swards, and others underneath roadways. each 
station two ejectors are placed, varying capacity from 600 
galls. each per minute, and having united discharging capacity 
000 000 galls. per hours. This larger plant than would 
required for the removal the sewage any city the United States, 
with probably ten exceptions. 

Converging these ejector stations are miles gravitation 
main sewers, the minimum grade adopted being vitri- 
fied sewer pipes are laid 2}-ft. lengths, and have extra deep sockets 
order that water-tight joints may ensured; inside the buildings 
the sewers are iron. 

The air-compressing plant for operating the ejectors was designed 
and built and placed exhibit the Machinery Hall the 
Norwalk Iron Works Company, South Norwalk, Conn. consists 
three compound air compressors, and one double compound air 
compressor, the principal dimensions which are follows: 
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Diameter Length Diameter Diameter of 


of air of of steam compressing 
cylinder. stroke. cylinder. cylinder. 
Two compound compressors..... 22” 24” 


One double compound compressor, diameter air cylinder, 
length stroke, diameter compressing cylinder, ins. diam- 
eter high-pressure steam cylinder, ins.; diameter low-pressure 
steam cylinder, 16in. 

The distinctive features these air compressors are that they have 
two air cylinders with cooling chamber between. large air cylinder 
employed make the initial, and small cylinder the final, com- 
pression. such arrangement more nearly uniform resistance 
for the whole stroke obtained. 

The air admitted the large cylinder valves the Corliss 
steam-engine pattern, which have positive movement from the main 
shaft. The air partially compressed the large cylinder and forced 
thence into the small one through chamber filled with copper pipes, 
through which cold water circulates. the small cylinder the air 
compressed the extent desired. Both inlet and outlet valves can 
taken out without removing cylinder head. The piston rings can 
also taken out without removing the piston from the cylinder. 
Both air cylinders are surrounded water jackets. 

The steam and air pistons and cross head are mounted the same 
piston rod, render the application power uniform. Two 
are used, one each side the machines, and, means 
swivel the center the cross-head, the work made exactly equal 
upon both connecting rods. The steam cut-off changed turning 
hand wheel the back end the valve chest. 

The plant has capacity 4537 cu. ft. free air per minute. 
Leading from the central plant system air pipes miles 
length, varying diameter from The air pipe outside the 
buildings ordinary cast-iron water pipe laid with lead joints, with 
average depth covering ft. Inside the buildings wrought 
iron with screw joints. This pipe line was tested withstand 
pressure per square inch without any appreciable loss. From the 
ejectors the purification works system cast-iron sewage dis- 

charge pipes 4.8 miles length, varying diameter from ins. 

The maximum direct lift from the discharging level the lowest 
ejectors the top the sewage receiving tanks 67.62 ft.; and the 
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total head pumped against when the maximum estimated amount 
sewage being discharged The airinthe air mains will 
maintained pressure lbs. the square inch, and supplied 
each ejector station through reducing valves the exact pressure 
required each station. 

The sewage receiving tanks, four number, are constructed 
steel plates riveted together. Each tank ft. diameter and ft. 
high, the bottom, ft., being the form acone. This design 
tank was first used Dortmund, Germany, Herr Carl Kinebuhler. 

After the sewage has received its precipitating agent, flows 
through large tube fixed vertically the center the tank toa 
depth about ft., where, means radial arms, distributed 
over the area the tank and slowly rises the top. The heavier 
matter settles gradually the bottom the tank sludge, and 
the process doing acts filter for the rising sewage. 
claimed that means this mechanical operation the chemicals are 
utilized their full advantage. The effluent water overflows the 
top the tank and will conveyed Lake Michigan, while the 
sludge will pressed into cakes and burnt. This form tank takes 
very little space. The tanks, mixing vats, engines, boilers and 
sludge presses are contained building 100 For econom- 
ical reasons was deemed advisable build the tanks above the sur- 
face the ground. 

The works are nearly completed and section them was put into 
operation during the Dedication Ceremonies October last, for the 
convenience attendance estimated two hundred thousand. 

Two Shone plants each 1,500,000 gallons capacity per are 
operation Chicago. One situated Sixty-ninth and Halsted 
Streets, and employed lift the sewage from low level into 
high-level gravitation sewer, vertical height ft. The ejector 
chamber built underneath the surface Halsted Street, and the air 
compressor located about 700 ft. away. This plant has been con- 
tinuous operation for two and one-half years. 

The second plant has been operation three years, located 
underneath West Taylor Street, and used for pumping water the 
Chicago Sugar Refining Company. The inlet the ejectors con- 
nected with one the Chicago city water tunnels, from which the 
water flows gravity into the ejectors. The air compressor 
located the engine room the Chicago Sugar Refining Company, 
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air pipe and 12-in. force main are laid along 
West Taylor Street from the refinery the ejectors, and the water 
delivered into large tank the premises the Refinery Company. 
These ejectors are fitted with alternating air valves, which allow one 
ejector fill while the other empties, that steady discharge takes 
place. 


There one more application the Shone ejector which the 
author desires call attention, viz., for pumping sewage sludge. 
Owing the nature the inlet and discharge valves and the shape 
ejector, this apparatus has been found very successful and 
economical sludge pump. are employed for pumping sewage 
sludge four towns England. this country ejector em- 
ployed discharge the sludge from the purification tanks the Asylum 
for the Insane, Rochester, Minn., and one will shortly operation 
for the same purpose Worcester, Mass. 

The proper ventilation sewers matter requiring consideration. 
The almost universal custom which has hitherto prevailed trust 
natural atmospheric influences which are variable and unreliable. 
Mr. Shone has recently introduced system ventilating 
sewers. 

The exhaust air pipe from the ejectors led nozzle” placed 
chamber adjoining the ejector chamber. This nozzle chamber 
communicates with the atmosphere means outlet shaft about 
ft. height close proximity it, and again means the 
gravitation sewers and inlet shaft their upper ends. 

When the ejector filled with sewage and compressed air has been 
admitted and has forced out the sewage, the exhaust valve opened 
and the whole volume compressed air rushes along the exhaust 
pipe and through the nozzle. The effect this produce cur- 
rent air down the inlet shaft and through the sewer every time the 
ejector has completed its discharge sewage. Any number sewers 
may communicate with one nozzle, and they may vary length. The 
volume air admitted each sewer regulated cap the inlet 
shaft, and this means the large sewers are given their due propor- 
tion air. 

This method ventilation suitable for adoption where Shone 
ejectors are use, and also for ordinary gravitation sewers, sup- 
plying compressed air the nozzle direct. successful opera- 
tion Wallingford, England. 
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(Vol. XXVII.—December, 1892.) 


DISCUSSION TESTS POWER REQUIRED 
DRIVE ELECTRIC STREET CARS.* 


Am. Soc. E.—I understood there was 
circuit miles and the length the road was one-half that 
distance 

Jun. Am. Soc. E.—No, the circuit was the 
form square. 

Mr. the road was only equivalent length 
miles double track. like ask whether you have 
made tests the loss power from one end the line the 
other, not while the cars were running, but transmitting the power 
from your power station the end the ilne 

Mr. that was rather outside the line that went 
this that would have required separate series tests. 
The pressure shown the volt meter while the car was running 
was reasonably constant all the way around. The average pressure 
was about 210 volts; time was above 216. reading taken 


* See Paper No, 548, Vol. XXVII, page 307. 
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when the car was rest about the farthest point from the power 


house, gave high 229 volts; the line was good condition that 
time. 

Emery, Am. Soc. E.—These results are some 
respects remarkable, though quite different from what would 
obtained with modern plants. would like see sketch the 
brake employed. may stated that the average electric street car 
now about double the weight given here and the motors used are 
much more powerful. Two motors about each are being 
discarded and two each used. These will answer for 
cars tons and they enable the cars run very fair speed 
even grades between three and four per cent. course 
grade immediately adds the weight the car the tractive force 
required the motor. That consideration has led the builders 
keep increasing the size the motors until they can overcome all 
obstructions, both summer and winter, and yet have surplus power 
available haul trailers. These remarks are made prevent the 
impression that the road mentioned the paper fair example 
the modern electric road; the power provided altogether too small. 

Mr. brake fully described the paper and the 
general idea Professor Jacobus, Stevens’ Institute Techno- 
logy. reference the table page 312 will show that the tensions 
both ends the rope were read simultaneously and the mean used 
the computations. 

Mr. was suspicious that construction had been made 
which one end the rope fixed and the other attached spring, 
but the apparatus described appears all right. The efficiencies stated 
are altogether too low for present practice. The efficiency electric 
car motors made present will run many cases and 
rarely reduced less than even when double gears are employed 
for unusual grades. 

Sears, Am. Soc. E.—I confess that thank Mr. Bonnett 
for giving some actual figures efficiency electric work the 
circumference. There has been craze the subject electricity. 
was not subjected the Daft system; built the Sprague system. 
were told that one 150 boiler would furnish all the steam 
required for our dynamo, and would only have use 100 


Before had had operation for two months had put two 
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boilers 150 each. Iam glad that Mr. Bonnett has given 
these facts. very easy matter generalize and tell can 
get more. began with two motors the car and 
had twenty. don’t see that this indicates that get any 
higher percentage efficiency the wheel. 

Mr. Emery.—When one kes operate small electric plant, 
the losses mount power required for starting car 
very much greater than that needed when running. With small 
plant the engine and motors used must ample for the maximum 
power and operated most the time mean power with consider- 
able loss. With large the variations partially balance each 
other. Improvements have also been made whereby the later motors 
not take much current starting. Again the costs are large, 
for the reason that the cars start more quickly than horse cars 
and the average run faster. Most electric roads attain greater 
average speed than adopted our elevated roads. All these things 
have taken into account before the questions that arise here can 
properly discussed. hope was not misunderstood criticising 
the paper when criticising the plant. owe vote thanks Mr. 
Bonnett for his very able paper. has been very well prepared; 
presents facts way that can all understand and entitled 
great credit for it. 

Mr. would say conclusion that the object this paper 
was, not much place the results obtained comparison with those 
from the most modern and improved plants, show what was the 
record fairly good practice the time. the car tests the object 
aimed was show the method making the necessary adjustments 
the instruments used the tests, and the results show the power taken 
propel car the weight and the speed stated average service. 
the efficiency tests more importance given the description 
the apparatus used than the results, as, owing the rapid advance 
electric-car propulsion, data year two ago are almost out 
date now except matter record. The apparatus used, how- 
ever, furnishes means obtaining measure the efficiency the 
car itself actual use, includes all the losses power except the 
rolling friction the wheels the track. These results would 
obviously much nearer the commercial efficiency the car itself than 


any based mere test the motor without the necessary mechanism 
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transmit the power the wheels the lower speed required. 
know, Mr. Emery states, that are now using much larger and 
heavier cars and more powerful motors than those quoted, and that the 
improvements due the great advance the electric power industry 
tend increase the efficiency the motors and gearing employed. 
The development the low-speed motor will lead one which, for 
ordinary speed street traffic, the armature can placed directly 
the driving wheel, thus dispensing with all outside losses. When this 
result arrived at, which time not far off, and either light storage 
battery practical system power transmission away with 
overhead wires and their attendant damages developed, the electric 
street car will stand the head methods surface rapid transit. 
instance modern practice would quote one the St. Louis 
suburban electric roads where, with modern cars and equipment, 
miles out from the city made minutes schedule time. 

Probably the largest electric locomotives yet constructed are those 
now being built the Thompson-Houston Company for the Baltimore 
and Ohio Railroad Company, transfer passenger and freight trains 
through the City Baltimore. These motors have the armatures 
directly the driving axles and speed miles per hour make 
about 170 revolutions per minute. 

Their principal dimensions are follows 

Diameter driving ft. 


.....30 miles per hour. 
Size conductors ........ in. cross-section. 
Pressure 700 volts. 


have been asked the following questions Mr. Hinckley, 
Am. Soc. E.: 

The cost the road detail. 

The cost the power plant. 

The capacity the power plant, boilers and engines. 

The average exerted the engine the power-house 
corresponding with the average 5.96 electric shown Table No. 
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answer questions and would state that, since these tests 
were made, the power plant has been entirely destroyed fire, and 
the road has passed into other hands and has been entirely rebuilt, 
the present equipment being modern Thompson-Houston pattern. 

question No. The service varied from two cars winter 
from cars the rush season Summer. accommodate 


the maximum travel the plant consisted three boilers rated 


each, and four engines rated P., drive four dynamos 

question No. test was made the boilers and engines 
the time these tests, the wires being considered reservoirs 
power. 

The loss due running small plant very much less than its 
maximum capacity plainly shown the fact that the time 
these tests four cars were operation, and one boiler, two engines and 
two dynamos were use order allow for two more the cars 
starting the same instant. These facts are very well brought out 
Mr. Emery’s discussion. 
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DISCUSSION THIN FLOORS FOR BRIDGES. 
(Continued from page 514.*) 


The writer has used floor similar the one shown Mr. Snow, 
but with unsatisfactory results. 


Examinations 
having similar floors show comparatively poor wearing qualities under 
even ordinarily heavy rolling loads. 

There marked difference between moving load from 000 
2600 per linear foot structure, used for highway work 
and the heavy loads adopted this paper. 


The equivalent uniform load per linear foot track for stringers 
and beams follows: 


For 


12 


*See Paper No. 559, page 483. 


10-ft. panel 
14 


DISCUSSION THIN FLOORS FOR BRIDGES. 681 


With maximum end reactions 000, 000, 200, 000 and 
400 respectively. 


For 


The number {-in. iron field rivets required each end each 
stringer and floor beam for live loads only for the short panels 
above noted about follows: 


STRINGERS. 
10-ft. panel requires....... rivets. 


When the distance from base rail clearance line only ft., 
the beams can seldom more than ins. deep and stringers ins. 
Under the assumed moving loads the deflection beams and stringers 
will comparatively large. The rivets connecting inner channels 
bottom chord beams will work loose short time. There will 
also trouble getting ten good rivets into stringer connections even 
using bracket angles. 

Any one questioning these statements would have his doubts re- 
moved careful examination some the bridges and around 
Chicago. 


The 12x 12-in. timbers were placed ft. ins. apart, clear 
rotary snow plows. For clear width ft. they will also act 
guards. 


§ 
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Owing error laying out post the clear width between ends 
bottom chord pins middle panel only ft. instead 
ft., but pin near the rail was not changed. 


The width ordinary flat car, out out, 

Length axles or, out out, boxesis... 
Distance outer edge flat car end axles 


Actual clear width center panel........... 
Distance between guard timbers..... 


Distance from inner face guard timbers 


The writer feels justified assuming that the lower parts truck 
frames and housings would strike the guard timbers, ordinary 
wheels are seldom more than diameter. this not the 
case, then simply error judgment and can remedied 
increasing the depth guard timbers ins. 

These timbers keep the ties from moving endwise and also keep 
them from springing and down under passing trains. 

should remembered that the timbers act guards only after 
the inner guards have failed; they are the ‘‘last resort.” Passenger 
coaches seldom get beyond the inner guard rails, are not provided 
for above. 


The following sketch shows the parapet tie mentioned the writer: 


upikes each end. 


very easy keep all ballast from getting under the tie stand- 
ing small plank edgewise parapet next the ballast side 
the tie. 

The writer has yet hear the first 12ins. 3ft. block crush- 
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ing out from under knows quite number bridges 
where they are standing under heavy fast service. 

the queries Mr. Leverich, the writer has the weights 
147} ft. through pin-connected span with solid floor and stiff lower 
chord Mr. Leverich proposes using. The span made for some- 
what lighter moving load than the one used this paper, but the 
bottom chords weigh about per linear foot span more than 
the bottom chords and stringers shown the plans. there any 
uncertainty how the imposed stresses act the bottom chords 
and stringers, does not the same uncertainty exist the case those 
having chords that act track stringers, pin-connected spans 
having four lines track stringers? 

Also, most our heavy city bridges the outer lines stringers 
are placed near the posts possible and riveted beams 
through the webs, thus making the rivets direct tension when the 
chords elongate. The outer stringers the last two cases not 
show signs weakness any sooner than the others the same 
structures. 

Will the elongation the lower chord under passing train cause 
excessive strain the riveted connections the stringers the 
posts? 

The writer believes that while there may slight tendency 
this direction, not serious. the bridge under discussion the 
worst possible case would the middle panel where the maximum 
elongation the chord would not quite desired, this can 
entirely overcome slotting the holes stringers posts and 
using turned bolts instead rivets for the connections. the 
plans the pedestal connections stringers have slotted holes (see 
Plate 

Stiff bottom chords were used the writer the truss spans 
the Clyde viaduct, but were abandoned his subsequent studies 
for the following reasons: 

First.—At the time seemed that good floor could not 
which the distance from base rail clearance line should less than 
about ins. and one not more than was desired. account 
the large flange area required its action stringer, the bottom 
chord must made double sections. This will make impos- 
sible suspend the floor below the bottom chord angles riveted 
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the inner faces the webs. Wearethus almost compelled carry 
the floor shelf angles riveted the webs the bottom chord above 
the vertical legs the lower flange angles, outside the latter 
same row rivets. 

Second.—The floor could not put into position without inter- 
rupting traffic greater less extent, unless the span was erected 
one side and slid over into place after the track and the old structure 
were removed. 

Third.—The large number field rivets the splices make erec- 
tion slow and expensive. Hand-driven field rivets chord splices are 
most cases apt source weakness. 

this type pin-connected spans, the web members, 
panel points, must packed inside chords. The bottom chords 
result are some distance out from posts and the bending 
moment caused stringer reactions requires the use very large 
pins. 

Solid have been used for great many years Europe, and 
generally they have been covered with ballast. There are very few 
cases failure account rust, even when quite severely tried. 
When the floor used without ballast, there should comparatively 
little trouble, all parts can well painted when the ties are 
renewed and hot coal tar can used each year. 

The writer tried and abandoned the plan shown Mr. Thomson 
(Plate Fig. plan was not adopted because the diffi- 
culty, first, making the bed-plate connections the main girders, 
and, second, properly driving the field rivets, since they are 
the tops the boxes and below the bottom flange girder. 

gratifying know that can use these square boxes for 
floor and ballast such manner that the ties can tamped 
when necessary. The writer was unable demonstrate this part 


such manner secure its adoption. 
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DISCUSSION AND WEATHER- 
ING QUALITIES ROOFING SLATE.”* 


Esq.—I have read with great interest Prof. Mer- 
riman’s paper, read the September meeting the Society. far 
aware these are the most systematic tests their kind that 
have been undertaken this country, and cannot refrain from 
publicly congratulating all interested the thorough knowledge 
shown the character tests desired, well the careful 
and conscientious manner which they have been carried out. 

But not necessary that waste time complimentary phrases. 
are all interested the accomplishment good work, and while 
fully appreciating the advisability and even necessity times 
offering encouragement worker any special field, feel that the 


end view will the present case best subserved, if, without fur- 


ther delay, mention one two instances which the tests are not 


*See Paper No. 551, Vol. XXVII, page 331, 
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quite complete could desired, and also some points which were 
not touched upon all. 

Prof. Merriman has well said that chemical results ordinarily 
obtained are difficult interpretation. The present instance is, 
seems me, exception, and will venture speak this point 
first. The presence lime and magnesia, shown the analyses, 
does not necessarily indicate the presence the slate free carbonates 
either substance, since possible both elements might, part, 
combination silicates (mica, tale, feldspars, etc.), which are not 
themselves injurious constituents. Neither can the carbonic acid 
safely relied upon all combined with either these 
elements, since nearly all dark-colored slates contain more less 
organic—carbonaceous—matter. own mind the presence 
absence free carbonates lime, magnesia iron are matters 
great importance, and should always made the subject indepen- 
dent test, since these are the forms which are deleterious. The amount 
and character the organic matter are also importance, but not 
seem touched upon the series experiments under discus- 
sion. ordinarily assumed that the dark color slates due 
organic matter, though possible that may part due 
manganese oxide. Yet some our dark slates fade, exposure, much 
more than others. would interesting, therefore, learn the 
amount carbonaceous matter the slates, and also the fading 
due the bleaching out this constituent, some the dark- 
colored limestones. may well add that, far own 
observations go, some the red and greenish slates fade full more 
than the blue-black varieties. 

further inclined think that much may learned from 
examination thin sections under the microscope. want know, 
not merely what are the constituents the slate, but what form 
these constituents exist. For instance, the chemical analysis 
ordinary fire-clay and roofing slate may not vary any essential 
particular, excepting, perhaps, the amount included moisture. Yet 
necessary state that they would vary widely point 
durability exposed weather. own estimation the cause 
the general excellence the well-known Peach Blossom slates lies 
largely the fact that they are highly metamorphosed 
essentially crystalline schists, rather than indurated fragmental rocks. 
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analysis rock this type must subjected quite 
interpretation from one which the fragmental nature still 
prominent. 

Further, seems that some interesting results might 
brought about combining the tests for corrosion and elasticity, 
the specimens first tested for corrosion could subsequently tested 
for strength also, and the results thus obtained compared with those 
made fresh material. The purpose all tests should deter- 
mine, not merely what slates are the strongest and most elastic to-day, 
but how well will they retain these qualities when exposed the 
blistering heat summer the frosts winter. The problem far 
from simple. 

conclusion, let express gratification the results far 
obtained, and also the hope that Professor Merriman may able con- 
tinue his work, well begun, materials from other localities. 

Mr. Jr.—Professor Merriman’s paper 
valuable from standpoints not noted its context, because foreign 
bears out blasting, that the softer rocks are the 
tougher, though the apparent softness hardness may lie the 
variations density the matrix, the size and shape the grains 
which that matrix holds, and the composition the matrix. Abrasion 
tests for hardness are valuable when discussed under the above con- 
ditions, and the series tests made Professor Merriman afford 
data for discussion and allow results obtained that bear out 
those the paper. discussion the analyses shows once that 
the specimens are merely admixtures minerals—chiefly quartz sand 
and clay—with binding carbonates and iron pyrites, follows— 


ALBION. 
0.87 


The Albion slates are more porous, shown tests, and there- 
fore have larger grains quartz held matrix carbonates and 
considerable amount pyrite. The Bangor specimens have smaller 
grains held softer and more compact cement, there smaller 
amount pyrite and the alkalies. 
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The above conditions allow the acids penetrate the Albion 
slates sooner and attack the pyrite, which decomposes immediately, 
form very soluble alum, and swells doing rupture the 
surrounding part the rock. When this has been removed, there 
large admixture alkalies very soluble and readily goes out, 
that the losses the Albion slates are greater the outset. The 
dense Bangor slates resist the entrance the acid, and yield more 
slowly its action; but when once thoroughly soaked, they will lose 
great amount soluble substance the other specimens. 
actual practice, however, the porous slates will first weather, and 
the Bangor varieties from their greater compactness will give better 
results than the others. 

regard specimens, little can told unless one 
thoroughly acquainted with the rock question. igneous rock— 
phonolite—furnishes good slates that exhibit high sound that the 
rock obtains its name from the fact. Phonolite about twice hard 
clay slate, and, general, may said that ringing depends more 
the hardness and shape the rocks than their toughness. 
toughness the quality desired for roofing slates, may furnish 
adverse result decide upon the ringing quality alone. 
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